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1.0 INTRODUCTION

The purpose of this report is to review the work performed and the
results obtained since completion of the previous delivery order reported
in {1]. The goal of this work was to provide a statistical evaluation of
IHAWK radomes. The areas of work performed include System Evaluation Test
Chamber (SETC) preparations, radome measurements, and data processing.

Section 2 of this report will present the hardware and software
changes Incorporated to improve the accuracy of data. Changes in test
methods, the Radome Positioner software, and the Radome Measurements
System software resulted in improved accuracy by improving the acquisition
process. The actual tests performed and the results of those tests are
found in Section 3 while Section 4 provides a description of the pro-
cessing means used to analyze and to plot data. Section 5 presents an
outline of the major problems and difficulties encountered during perfor-
mance of the task. Conclusions and recommendations for possible future
improvements are presented in Section 6.




2.0 SYSTEM EVALUATION TEST CHAMBER (SETC) PREPARATION

2.1 Introduction

SETC preparations continued throughout this task and included recon-
figuring the hardware for each entrance to the SETC. This was essential
since several groups share the SETC and each requires a different con-
figuration.

A Modification to the test configuration was made by using an offset
transmitter horn configuration to induce a known error. The error must
stay sufficiently large for the network analyzer to register a stable phase
measurement. Another SETC modification consisted of new software written
in Motorola 6800 assembly code and Fortran for the Radome Positioner and
Radome Measurements Receiver System. This software provides improved
operating systems which produce more usable, more complete data sets.

2.2 Phase Offset

Phase offsets measured by the network analyzer provide the signs of
error when plotting data. For radomes with very small boresight errors
the network analyzer could not provide a stable phase measurement. Thus, a
need existed to find a method to accurately test radomes with the available
equipment. ’

Studying the problem led to offsetting the transmitting horn by a
knosn amount. The receiving antenna was boresighted on this offset horn.
After boresighting, the transmitting horn was returned to its original
center position and scans were executed. Using this method, an inherent
error (the amount of offset), which is of a magnitude largé enough for the
network analyzer to operate accurately, exists. This offset is later
removed during data processing to reveal the true magnitude and phase of
the boresight error. The arrangement of the transmitting horn is
illustrated in Figure 1.

2.3 Software Improvements

Software improvements were made to both the radome positioner operating
system and the radome measurements receiver system. Improvements in the
positioner are discussed in Section 2.3.1, and those for the measurements
receiver are discussed in Section 2.3.2.

2.3.1 Radome Positioner Improvements

A procedure has been developed for easy modification of the Radome
Positioner operating system. Working from previous documentation, source
files have been reconstructed and stored on master source file diskettes
with a Tektronix 8002a microprocessor development system. Using these
source files, the positioner program can be modified and recompiled as
needed. Subsequently, PROMs can be programmed with modified programs and
inserted into the M6800 based microcomputer which controls the positioner.
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Presently, all modifications are implemented using the Tektronix 8002a.
However, the source files could be transferred to any other 6800
Development System.

Using the method described above, a new scan pattern has been imple-
mented on the positioner. The previous positioner patterns were not ade-
quate for thorough analysis of radome boresight error and antenna pattern
measurements. This inadequacy existed because the drea covered by the
scan was not sufficient to yield the full scope of information about the
antenna or radome. A careful analysis of the type of data needed revealed
that the scan pattern illustrated in Figure 2 was the most useful pattern.
The two most pertinent reasons were that (1) the shape of the radome
suggested a circular window and (2) the method of data analysis intimated a
raster—type scan.

The new pattern covers all data points necessary for current boresigh.
error analysis and antenna pattern measurements. Execution of the pattern
(number 3) requires the following key-in sequence:

PROG 3
32.0
1.0

where 32.0° 1s the radius of the circular scan regian and 1.0 is the number
of degrees between each azimuth scan. The revised operating system 1s pre~
sented in Appendix B.

2.3.2 Radome Measurements Receiver System Improvements

A procedure has been developed for modification of the Radome
Measurement Receiver System operating system. Previously, it was believed
that all calculations associated with radome boresight error and antenna
pattern measurements could be done during "real-time” operation. However,
it was determined that the receives could not sample each point, perform
all of the required calculation, and store the results before the radome
reached the next sample point for the density of data desired. All of the
calculation routines have therefore been removed from the operating system.
This resulted in a more than 60Z decrease in the total size of the object
code file. In addition to this reduction, the FORTRAN main routine was
decreased in size causing another 102 reduction of the total operating
system size.

Previously, it was necessary for the operator to interact on a machine
level in order to select a sample size. This interaction has been elimi~-
nated by enabling the FORTRAN main routine to pass the variable to the-
assembly routine, CNTL. Modifications have been made to CNTL to enable
the receiver to sample on integer degrees within + .043945°. This is
important for precise calculations of boresight error slopes. The revised
software 1s presented in Appendix C.
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3.0 SETC TESTING

3.1 Introduction

The majority of tests covered by this report are tests which have
been repeated using the induced offset described in Section 2.2. The .
tests fall into three groups: (1) accceptable radomes, (2) obstructed
radomes, and (3) no radome.

3.2 GROUP 1 - Acceptable Radomes ;

This group of radomes include those which have passed final quality
assurance inspections. Twelve IHAWK radomes in this category were tested.
These tests were repeats of prior tests which did not use the induced off-
set test method. Vector plots obtained after removal of the known bias
show uniformly distributed errors. The largest boresight errors are
slightly in excess of one-half degree. The areas of least boresight error
occur along the azimuth and elevation axes. Examples of these plots are
presented in Figures A-1 through A~5 in Appendix A.

e

3.3 GROUP 2 - QObstructed Radomes

In an effort to better understand the offset horn configuration, an
IHAWK radome was tested using a plexiglass obstruction. The purpose of
this test was to observe the effect of the offset method on the large
errors caused by placing an obstruction in the radome. Plots show that all
errors not affected by the blockage are pointing toward the center of the
radome. However, azimuth errors affected by blockage are pointing away
from the center. The reason for this deviation may be a change in the
polarization of the signal as it passes through the obstruction. Plots of
this data are also included in Appendix A in Figures A-6 through A-10.

3.4 GROUP 3 - No Radome

Two tests were performed with no radome attached to the gimbal. The
first test was run using the standard horn configurations. The purpose of
this test was to check the testing equipment and the anechoic chamber;
also, this test served as a comparison for the second test with no radome.
The second test was made without a radome but with the horn positioned
using the offset bias. This test was then compared with the previous test
to detect any inconsistencies between the two configurations. The results :
of both tests were satisfactory with each showing only negligible errors. .




4.0 DATA PROCESSING

4.1 Introduction

This section reviews the methods used to provide analysis of the
data obtained during radome tests. The plotting programs and the sta-
tistical analysis program are discussed. Additionally, the method used
to remove the induced bias are explained.

4.2 Removing Offset

With the configuration illustrated in Figure 1 and the dimensions of
the anechoic chamber, there exists an offset of approximately 1.8° in both
azimuth and elevation. Since exact positioning of the offset horn is
unrealistic, the exact position can only be said to be within +0.1° of the
desired value. The error, looking through the center of the radome, should
be zero, and the overall average should also be zero. Thus, the average of
all errors can be subtracted from each data point to compensate for small
errors in alignment. Since the offset error is simply added to the true
error, the total average of all errors is subtracted from each data point
to compensate for both small errors in alignment and the i_0.1° unknown
of fset error.

The average value is subtracted from each point of raw data with the
result being stored in a new file containing the true boresight error for
each set of azimuth and elevation angles. Date can then be retrieved
by one or more of the plotting programs described in the following section.
Plots of the data reflect the true boresight error values.

4.3 Plotting Programs

The two types of plots produced during this task were boresight error
vector plots and boresight error three—-dimensional plots. Minor adjust-
ments to the existing vector plotting program allowed this program to
access the file which contained data with the offset removed. These vector
plots display azimuth and elevation errors in the form of a pointing vector
emanating from a footpoint which is placed at integer values of azimuth and
elevation angles.

Also utilized were two variations of the three-dimensional plotting
routines. The first variation was the CARPET program which is normalized
and produces a three-dimensional plot with all points connected by lines.
The second was the program, CARPET 2, which is the same as CARPET except
that it removes the lines which should be hidden, producing an easily .
readable plot. Examples of these plots are included in Appendix A, and a
more detailed description of the actual plotting programs can be found in

(.

4.4 Statistical Analysis

The same methods of statistical analysis described in the report
"Radome Boresight Assessment” [l1] were utilized during this task. Data
collected in the radome tests has been stored to facilitate rapid statisti-
cal analysis.

et e e e o




5.0 TESTING AND PROCESSING DIFFICULTIES

5.1 Introduction

Fewer difficulties arose during this task than during previous tasks.
However, the following equipment and phase coordinate problems are con-
sidered significant.

5.2 Equipment Problems

At the beginning of the testing period, two radomes were tested and
analyzed with the results being acceptable. Based on these results, the
remaining tests were conducted prior to plotting and analyzing the data.
This was required due to time limitations in the SETC. After testing was
completed, discrepancies in phase were discovered in the last nine sets of
data. This problem was traced to a phase line being grounded. After this
problem was corrected, it was necessary to repeat the tests which ylelded
unacceptable data. Repeated tests provided acceptable results.

Another topic for discussion in this section is the computer system
available for radome analysis. Although there has been a significant
decrease in down time, terminal access remains a problem. Inavailability
of terminals connected to the system has caused several delays.

5.3 Phase Coordinate System

Processing statistical evaluations of several sets of raw data unexpec-—
tedly revealed overall boresight averages with a negative azimuth value and
with a positive elevation value. Since this was not expected while using
the offset method described in Section 2.2, investigations to find the
cause were conducted. )

The problem was eventually solved by showing that the test equipment
18 arranged in a manner which logically reverses the apparent error during
the test. For an observer positioned behind the antenna and looking in the
direction of R; (see Figure 3), a positive pitch (elevation) error indica-
tes that the actual target location is above the R, axis, as expected.
However, a positive yaw (azimuth) error indicates that the actual target
location is to the left of R, in the yaw plane [2].
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Plots resulting from the use of the new offset horn method are
accurate, readable, and present a better overall representation of the true
boresight error induced by the radome. Software improvements have proven
to be reliable and time-saving tools aiding in the performance of radome
testing. Due to these software improvements, the possibility now arises to
study boresight error slopes. Boresight error slope is an important
characteristic since it indicates the rate of change of the boresight
error. Knowledge of this rate is significant for missile response since it
can be used to predict future boresignt errors by utilizing the information
of target movement.

The majority of the recommendations pregsented in [1] have been imple-
mented. A time-saving recommendation repeated here is the need for a means
to transfer data directly from the test system's floppy disks to the data
processing system. This modification would also eliminate the need to
acquire data cassette tapes. Other recommendations include improved
plotting capabilities (possibly on site) and the acquisition of a graphics
terminal dedicated to radome testing.
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Appendix B
Radome Positioner Software Listing

Komm ¢ oo .




w——-————-————"—-’_—'——* )

C FORTERAN SOURCE DRIVER FOR REME-%Z2.1 TIM PALMER
i C INITIARLIZRATION
COMMON ISAMP
ISAMF =23,
1 PRINT
PRINT
PRINT
PRINT
FORMAT <* THE UNIVYERIITY OF ALAEAMA TH HUNTSYILLE®D
FORMAT (* RADOME MEASUREMENMTS RECIEVEF YERSION 2.1°.7
FORMRT (° MODIFIED: 19-22%)
FORMAT «° BY: T PRLMER’ >
PRINMT 12
PRINT 12
PRINT 14
1@ FORMAT <' 1> RNTEHMA SHOULD BE EOREZIGHTED®:
12 FORMAT ¢ 2> POSITIOHEFR GIMERL SPEEDZ SHOULD BE SET*
14 . FORMAT <* 3> POSITIOHER SHOLLD BE AT FIEST SAMPLE POINT® .
15 PRINT 1#
1 FORMATC® 1=BORESIGHT AMTEMHAs 2=CONTIHUES '
READ 18+ IDUM
18 FORMAT 2
GO TO «S8»28,1DUM
GO TO 15
) PRINT 22
22 FOPMRT(-> ENTER SRMFLE ZIZE <9.5-2,0):%)
RERD 24, 3AM
24 FORMAT (&
IF (SAM .LT. 9.5 QR. SAM ,GT. 2.a) GO 70 28
ISAMP=SAN*23.4
PRIMNT 24%

[l (O 2 V]

DMt

245 FORMAT - 5
26 FORMATY 7' 1=GD2=REORTHE (ANY TIME=ESCAFE:’ )
CALL DFEHIT
25 PRINT 22
REARD 22« DM
R 23 FORMAT )
Al GO TO ¢23e 220, 10N
1 . G TQ 2S5
38 PRINT 2%
34S FORMATC - TEST HOW ACTIVE..’ 2
CALL CHTL
PRINT 31
31 FORMAT.* END 0QF TE3T:'-)
GO To !
32 PRINT 24
34 FORMAT® TELT AEORTED:*
GO TO §
50 FRINT S2
. S2 FORMAT? FEENGT SYSTEMTVPE <LUORD S3G>'-s/)
END .

| B . - -




TAZ

HRZ

LSSTR

NAM
OPT

HREF
REF
XDEF

cscy

RMB
DSCT

RME
RMB
RME
RME

RME
!

PSCT

JSR

BHE
JSR

sus

oroOIOIOCIT DI

oIymy I MO0

CNTL
REL

-

DSCT:THEUFZSRIBEIHsELEINS AZPELPsFIRSTPy TDAZ TDEL
PSCT:NETAMHLs RRDLOs AIMs INIToWFITERs CLOSIT

CNTL

o

(DR VIR VR V] (V)

INIT
Al
QFCFSH
#45H
SMPL
TSTHD
AN
AZBIN
AB3AZ
ELBIN
ABSEL
AZEIN
#23
PRZ
L 2 13)
#99
AZBIN+1
A2EIN

#0020
TDA2
R2CT
A2DLP
ABZAZ+1
ABZAZ
TDAZ+1
TODRS

EXT

$a1
ENT
RCEIH+1
RIEIH
LSAZ+t
LSAZ
LSGTR
AZGTR

L2RZ+!

B-2

#GET ANGLES IHTO AZEIHELEIN
«CHECK KEYEBORRD FOR AN "E”

«CHECK FOR HEGATIYE ARHGLE
#GO IF POSITIVE

#GET ABS YALUE OF AZ




RICTR

EAT
GSMF

TSTHD
AZDLF

DOHZ

RTZ
END

o ool CRacle

2O0MITIOTIOPOT OIMIOT DPOXPITOITIODIOD MO

LSAZ T
AZBIN+1
RIBIN
LU
GSHP
EXT
AZBIN+1
AZEIN
LSA2+1
LsAZ
#03
G3MP
EXT
TSTLP
RZBIN
AR2P
LSAZ
ELEBIN
ELP
LSEL
NETANL
RADLO
$THBUFZ+2

#22

URITER
TSTLP
CLOSIT

1SAMP+1
15AMP
DSA2

RZCT+1
A2CT
#01
#0¢
RZCT+1
A2CT

HZDLP
AZCT+1
A2CT
$91
#0a
RICT+!
RZCT
DON2

TDAZ+4
TDAR2Z
1SAMF+1
15AMP
TORZ«1
TbARZ

DbshZ




OFT

XFEF
XDEF

PSCT

INIT CLE

STH
LA

STH

j e s Clio cln o s i s Jl alls Clie o]

INIT

REL

ANV CRBs DIREs SRRy SRCR2
INIT

CRE #IHITIALIZE FIA
#9FFH

DDRE

#04H

CRE

DIRE

#87TH #IMITIALIZE ACIA'S
SRCR1 .
SRCRZ

#31H

SRCR1

#01H

SRCR2




‘ *
NAM  AIN
*
OPT  REL
*
XDEF  AIN
: : *
; XREF  ANYIDATA MUK GRIN. COUVET, STRTUS
] *
HEEF  DECT2GAIMLs CHAHSAZEIHELEIN
N *
l %x SUEFOUTINE TO PERD THE RZ AND EL AHGLES FROM ANALOG PORTS
; #% ANGLEZ RRE OM CHAN 3 FOF AZ AND 4 FOR EL
] *
PSCT )
RIM LDR A GAINL  #SET A-D GAIH
STA A GRIM
CLE  CHRN  *CLR CHARM FOSITION
LIA A #a2 #LORD MUK TO 62 TO READ CHAM 3
STR A MUX _
LDR A CHAN  #INITIALIZE CHAH To 2
ADD A #3
BEACK STA A CHAN
STR A CONYRT  #START COMYEFSION FRAOCESS
CKSTAT  LUA A STATUS <WAIT UNTIL STATUS READY
BFL  CKSTAT
] LDA A CHAN
CHP A #4 #CHANH 3 HAS EEEN READ READ CHAN 4
EBED CHAH
LI DATR  #PEAD RND STORE AZ ANG
ST AIZEIN
LDA A CHAN  #INCREMENT CHAH TO 4
ADD A #1
STH A CHAN ,
S MO Mu *INCFEMENT MU TO 93 T0 PERD CHAN 4
! BFF EERCI  *BRANCH BACY TO RERD CHAN 4 THE EL ANG
CHAM4  LD:  DATA
ST ELEIN
RTS
END




NAM NETRHL
oFT REL

HREF AN GATIMY STATUS s DATAs COHYRT MU, BTRE

XREF DECT: SAVEN GARINA«SHITCHs WHICH FOUR OFFSET s SWILOC, SHIFDZ
XREF DSCTSCHAWS TIMEs TWO, OUTLOC

XREF PSCT: COMPUT S WALT

XDEF NETAHNL

PSCT

"NETAHL" SUBROUTIHE
CONTRULZ SANPLING OF SuM, RZIMUTHs AND ELEWATION DATA. ALSO COHTROLE N
THE COHVERSIOH OF THIS DATA INTD DIGITAL FORM.
EXIT: DIGITARL <TWO'S COMPLIMEMT» DATA 13 STORED IN THE ORDER IT
WAS TAKEW UMDER THE FOLLOMING LREELSS
AMPSUMs FHASUMs AMPRZ» FPHAAZs AMPEL> FPHAEL

.."4‘0/"

; ETANL  PSH R % SAYE ACC A '
! PSH B % SAVE RCC B
? . STH SAVEN % SAYE ¥ REGISTER

' LDA A GAIN4 *SET GAIN OF ADL AMF

STA A GRIH

CLR SHITCH % SET SWITCH MEMORY QUTPUT POINTER TO ZERO
CLR WHICH + 3ET SWITCH POSITION FOINTER TO ZERQ

4T INC  WHICH # IHCREMENT SWITCH POSITION FOINTER
t .
. LDA A WHICH * LOAD ACC A WITH SHITCH FOSITION
| ChF A FOUR + CHECH [F SWITCH POSITION IS STILL VALID
' BEG  RESET » IF HOT, RESET 3u1Tin
STR A OFF3ET  + STORE OFFSET = WHICHM TU COMFUTE HEW ADLRESS
LDX  SWILOC % LORD ¥ REGISTER MITH ADDRE:ZS TO BE CHANGED
- < JSR COMPUT  # JUNF TO FOUTIME TO COMPUTE HEW RDDRESS
; LDR R 3,7 + LOMD THE CODE FROM THE COMPUTED ADDFESS IH ACC A ,
3TA A DIRB ¢ SEMD THE CODE TO THE PIR TQ SWITCH THE SWITCH
CLF  CHAN 4 SET CHANMEL PSINTEF T ZEFD
CLR  Mux + SET ACTUAL CHRNNEL TO ZEFD
Lpx  TIME » LOAD i FEGISTEP WITH TIME CONSTANT FOR WAIT ROUTIHE )
JSR WRIT « GO TO WAIT SUEROUTINE
BPA  CHRNML o« QHLY DS FOLLAMINS SENTTWI aufH So777y " o= ooe
B-6




*
CHRHNZ

*
CHANM1
*

CKSTAT

*
*
*

THC
LDA
ADD
§TH

5TR.

LDA
BFL

LDA
ADD
STR
LXK
JSR
LD#
STA
INX

LDR
STA

LDF
BEQ

LA

ADD
3TH

BRA

LDA
STR

LD
PUL
PUL
RTS

END

> » I

I

T D

Mt
CHEAN
T4HQ
CHAN

COMYRT

STRATUS
CKSTAT

SUITCH
CHAH
UFF3ET

ouTLOC

- COMPUT

DATH
9 s

DATA+1
By

CHFAN
CHAMNZ

SWITCH
FOUF
SHITCH

NEXT

SUIPOS
DIRE

SRVER

#*
*

THCREMENT ALTUAL CHRHNEL
LOAD ACC A WITH CURFENT CHANHEL POINTER

* INCREMENT EY TWO

-

*

*
*

STORE HEM FUINTER
START COMVERSIOH PROCESS Bv WRITING INTC MEMORY

CHECK STATUS UNTIL READY
WHEH READY COMTIMUE

LOAD ACC A WITH SUITCH MEMORY POINTER

ADD CHARHHEL POIHTER

THIS IS THE OFF3ET U:ED TO COMPUTE THE OUTFUT RIOLRESS
LOAD THE ¥ REGISTER WITH THE RDDRESS TO BE CHRHGED
JUMP TGO THE ROUTIME TO COMFUTE THE MEW RDDRESS

GET FIF:ZT BYTE OF DATA

STORE IM PREDETERMIMEL FOSITICN

INCREMENT QUTPUT ADIRESS

GET SECOHD EYTE OF DATA
STORE

CHECK IF QWL CHAHMEL 1 HAS EcEH DOHE
IF 30+ GO DQ CHHAMHEL 2 .

LOAD ACC A WITH CURRENT SUITCH MEMORY FOINTER

# INCREMENWT &Y FOUR

*

@

*

L

STURE HEW PIOINTER
REDO ROUTIME FOR HENT SWITCH =0QSITION

LOAD ACC A WITH CODE TO TURN ZWITCH OFF
TURH SHITCH OFF

RESTORE i REGISTEF
RESTOFE RCLC B
RESTORE RCC A

RETURH TO CALLING ROUTIHE




NAM COMFUT

€
DPT  REL
* 9
*
XDEF  COMPUT
XREF  DSCT:LOCHOFFSET,ZERD
*
*
PSCT
*
*
. “COMPUT” SUBRLUTINE
*é ADDS AH EIGHT B1T NHUNEER OFFSET: T A SINTEEN BIT WUMBER <RDLREZE:
** ENTR'(: % RECISTER -- ADDRESS
# , OFFSET -~ QFFSET
#% EXIT: X REGISTER -- MODIFIED RDLRESS
s A AND B ACCUMULATORS ARE SAYED
*
L ]
COMPUT  S§TX  LOC * TEMPORRRILY STORE RDDRESS TO BE CHAHGED
*
PSH F * SAYE ACC A
PSH & % SAYE ACC B
*
LDA A LOC % LORD ACC A WITH MS BYVTE OF ADDRESS TO BE CHANGED
LDR B LOC+] # LOAD ACC B WITH LS BYTE OF ADIRESS TO BE CHRHGED
*
ADD & OFFSET % ADD DFFSET TO L3S BYTE
ADC f  ZERD % CRHFRY IF MECESSARY
*
STR A LOC # TEMFORARILY STORE HEW RDDRESS
i STR B LOC+! *
i L 3 .
; LD LOC % LOAD THE % REGISTER WITH THE.NEW ADDREZS
. *
* PUL & % RESTORE ACC B
PUL A * RESTORE ACC #
*
RTS £ RETUFH T CALLING PFOGRFN
*
END

(XY

o an e



NAM WALT
*
OPT REL
*
*
KDEF  WAIT
PSCT
*
*
; ¥ “WALT” SUBRGUTINHE
. #4 STRLLS ¢TIME: % «108 MICROSECOMDS ) WHESE TIME = COMTENTS OF i REGISTER
** ACCUMULATORS A AND & ARE NOT RFFECTED
*
* .
WRIT FSH A % SAYE CONTEHTS OF ACC &
*
LDA A #0EH # LOARD RCC B WITH IMITIAL COUNTIDOWH
*
WAITL DEC A ¥ DECFEMENT FOR COUMTIOWN
BNE WAIT1 ¢ REDO IF COUNMTDOMWH I3 MOT FINISHED
*
LDA A #OFH # LOAD ACC A WITH SUESEQUENT COUHTDOUH
*
DEX & DECREMENT TIME
BHE WAITH # USE MORE TIME IF TINE > 9
* .
CMF A 93 # STALL FOR S MICROSECOMDS . f
*
PUL A % RESTORE COHTENTS OF ACC A -
*
RTS % RETURM TO CRLLING ROUTIME
*
" END
B-9
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NAM RADLO

oPT REL
XREF DSCT:HEATER F IHAL
XREF DSCT: 01y BSERS  BSEEL RZBINS ELEH
XREF DSCT:HHPSUH:FHHEUH-ﬁNFﬂZ;PHHﬂZ;HHPEL»PHHEL
XREF D3CT:THEUF2
XREF RNT=GXMSBP)GXLBEF!BHNESP-EHLESP-EENSEP:EELSBF
XREF AN : ABMSEF s AE FyEBMZBFEELSEF
KREF ANY I ASMSEP A FyPSMIEPPELEEF
KREF ANY I RAMSER s RALSER : PRMSER  PRLSEF
XREF AN AEMSER s RELSEF s FEMSER s PEL SEF
XREF RN?:DRCR~!DﬁCHE!URCRS;DRCﬂ#tDHEHT
XDEF RADLO .
. i
PSCT
% "RADLO" (1 LOARDS THE RADOME MERSUREMENTS
% INTD THE BUFFER FOR THE RFSS INTERFACE
% (2> LOADS THE DRC'S !
ADLO LDx HERDER #LORD HEADER AT TOF OF BUFFEFR
STX THEUF2 .
f LDK FINAL *LOAD FINAL AT BOTTOM OF BUFFER
STX THEUF2+24
DX #THBUFZ *LOAD BUFFER STARTIHG ADDRESS INTO X
LDA R 01 *LORD BUFFEFR ARCCORDING TO
! PREDETERMINED BYTE FOSITIONS
LDR B 51+t
STR A 25
STR E 34
LDA R BSERZ
LDA B B2EAZ+L
STR A 4,
STA B S¢¥
LDAR A B3EEL
LDA & BIEEL+1
STA A &%
STA B 7
LDA A RIEINM
LDA B ARIEIH+1
STA A 3y
STHE 94
LBA A ELEIN
LDA B ELEIH+y

STH A __ 19

B~10




PR R

STH
LDA
LDA

LDA

LDX
STx
LDx

STX
LD
STX

OVIPTOTIHIOIHIOTOIDINDIVIOITDIO

11y

HHFSUM
HHFSUNM+1
129X
139 ¥
PHASUM
PHASUM+1
14+ %
15+ %
AMFAZ
AMFARZ+1
1€s %
17+ X
PHAAZ
PHRAZ+1
16X
19X
AMFEL
AMPEL+1
26 %
21, %
PHAEL
PHREL+1
224X
239 %

Gl

DRCAL
FSERZ
LRCAZ
AZEBIN
DACA3
BSEEL
DACH4
ELBIN
DRCAS




HHM SDATH

OFT REL E

HDEF DEGFAD TEH THENT Y« COHLs COHZ TS THERZWFIRSIF
~DEF AZPS ELFs TCALF T DEG PRHEL « MAHEL « PAHAZ » MAHAZ
KDEF GlsBSEASYBSEELFEF UM SUMDEAZDEELDE «GOFELFAD

WDEF DACAT«IACHE . DRERAZ ~DHFR4 DH|H ~uun EF-u ZBF

®DEF ] ] H y = FyADMICP s AILZEF
“DEF " ’ ‘E ] e EBALSEBF s BEMZEF «BELZEF
SDEF
WIEF F s EELSEF

3 wDEF s FSLSEF

: NDEF ‘F s PALSEF

HIEF A:PsPELSEF
“IDEF .rlF-gFu sSFEE

“DEF  TDAZs TDEL + HERDER s F INAL
#DEF  THFSIN

DsCT
LEGFAL FLE VESEH +DEGREES TO RADRIANHS COMYVERIIOH FACTORE -, 01740
FDE AFA3SH :
ey FIDE 14 +*THE HUMEEFR TEH 714
TUENT v FIE 29 #THE MUMEBEFR THEHTY «Za»
AN FOE  oals £ (.05
FLE 2]
PRI FIE Q <DEGFEES TO MILLI-FAD[ALD CONVERSIOH FROTIE « 17, <
Flt 5] e oo
IT FIE 1 .
TEMFLLL FHE 2 v
] TMELE FHE 2 :
DEG -FIE BT M #DATA FOINT T« DEGFEES OF MAUIMUM EL AAD AZ
Pl FIE < R
‘e PEL FLE A1 EaH i
FLE ool H
kRS FLE W1 3EH
FUE w3t : ‘ °

FRHEL FIE ASHEH *ERROF YOLTRGE AT +DEG ELEYATIONM
FIE AIRAH
MANEL FLE ASAGH *EFROR VWOLTHZE AT -DES ELEVRTION
FLE A90GH
i FAHRZ FLE BSAOH *ERROR YOLTRGE AT +DES AZIMUTH
' FDE IXISISE ]
MANHARZ FIE G4RaH <ERFOR YOLTRGCE AT -DEG AZIMUTH
. FDE BYI9H
. Gl FhE 2 #TRANSHISSION LOSS. PALOME LOOF THG AT AHGLE
BZEARZ PME 2 #EOFESIGHT EFFOF AT ANGLE «AZIMUTH:
EZEEL FME 2 *EOFESIGHT EFFOR AT ANGLE (ELEYATIOM:
REFSUM FLE AIAOH
FIE G
SUMDE FME 4
AZDE FHE 4
ELDE FME 4
FIRSTF FME 1
AZP EME 2
ELF FME 2 -
ThRZ FME 2
}DEL FME 2
CHLPTY FHE 1
ALF FLE 5 :)
. kL - FCE 5 .
HE RN § FIE NFFFFH




FIHRL ™

GMEEFR
GOLSEP
CAMSEP
KALSEF
KEMSER
KELSEF
SDMSEFR
SDLSEF
ADMSEFR
ADLSEF
EDMSEP
EDLSER
GIMSEP
. GILSEP

BAMIEF
BALSEF
BEMSEF
BELSEF
ABMSEF
ABLSEF
EBMSEF
EBLZEFP
ASHEEF
ASLSEF
PSHSEF
PSLSEF
ARMSEF
AALSEF
PRMZEP
PALSEF
AEMSEP
RELSEF
PEMSER
PELSEF
*

*

SFIA
SFIP
SFG1

SFEE
THMFSIN
*

Y
Bl
i)
L=
x

1
3
m

e ol ISR R XY, N1 WA BT WENY, NPAFAT R RSN, R ARY R )

D AT N L D= D

FCE 20

FCE 22
FCE 22

FDE
FDE
FDE
FDE
FDE
FDB
FILE
FIE
FME

ASCT

de $ XD ® GO DD
MO D

DAC LOCaTlans

ECU WEIZEH
EQN .

gt)
ey EH
ENY JEDZAH

END

B-13




*
*

PLUS
APST
DCML
CR
TXDRE
*

%

L]

*

%

*
TEHPAR
TEMPE
TEMPH
BCD2GH
BINUFR
OUTBUF

-

-
<
%

*
AZECDE
RZBCT
ELECDS
ELECD
RZBIN
ELEIN
THFELD
RABULF
TRAEBUZF
*

*
*

NAM
oPT

XDEF
XDEF
XDEF
XDEF
XDEF
XDEF

DSCT
FCE
FCB
FCB
FCB
FCe

ALLOCATED MEMORY AREA.

RDATA
REL

TEUPR TENFE TEMF CBCDSGH B IHURF«QUTELF
RIBCDSyRIECDELEBI U2 ELEC D AZEIHELEIH TMPECD
THREUF RUEUF 1 TUBLUF Ly THEUFZ«RUELNIF  THEUZP

AZAHGYELANG« PLUS APST e DLML s CR ATHTE, T!

JDRE

SRURLRIDF1 SRLFZIRTIEZ
AFUDAT s SFUSTAS DOFFAL

2EH
27H
2EH
2UH
azH

TEMFORARY MEMORY YARIRELES.

rME
REME
FME
FHE
RME
RMB

DpSCT

I = e 0 e e

*ACCUMLLATOR A ‘BLDETH.BIHANGY,

#ACCUMULATOR B CEIHANG S,

*#IHDE! REGISTER MOVEUF,BUDRMGY,

#ASCIT SIGH OF BCD AHGLE «EBIMANGBCDAHG AKGLE +,
#USED INM FINDING M3 BYTE OF BIMAFY YALUE <BCDEIM:,
*POINTER TO TEMFOFAFPY QUTFUT RBUFFER C(MOVEUF:,

DEDICATEDL NEMORY VARIABLESZ.

FME
RME
EME
RME
FHE
RME
FHE
RHE
FNE

P e 10 (s (0 e [y =

#ASCIT SIGH OF ELEYATION ECD AHGLE JRHGLE o+,
#PACYED BLD FORM OF AZINMUTH ANGLE (ANGLE -+,

#ASCIT SIGH OF ELEYATION EBCD AMGLE ANGLE -,
*PRCEED BCD FOFM GF ELEVATION ANGLE < ANGLES,
#TWHIYS COMFLIMENT OF AZIMUTH AHGLE PNHGLE .,

#TUO'S COMPLIMENT OF ELEYATION RHCLE <ANGLE ¢,
#USED IH FACHING BOD ANGLE BCDFOK Y,

#FQINTEFR FOFR ASCIT CHAF IN PCYR BUFFER 1 ROVFFFR .,
#FOINTER FOR FA3CIT CHAR TN TSMT BUFFEm 2 (THMTHI .

e EXTERFNRL [NTEFFRCE BUFFEF HFEA

-

B-14




CTnreLETTRIE 30T T =TENFUFRFT BUFFER HFEA 1+ BCDANG
AZANG  ECU THREUS  sLOCRTION IH FUEJF OF AZINUTH ECD FHGLE ¢ AHGLE :
ELANG  ETU  THFELT+18 *LODATION IN FZEUF OF ELEYATION BCD AMGLEYANGLE S

FHLEUFL FIE ST <R3CITI CHARS REC D FROM FOSITIOHEF (BCDANGsRCYRRE .
FLE 14)
FLE
FDE
FDE
FIE
FIg
FDE
FDE
paz?
THELF1 EME 24
THEBUFZ KME 25 .
*
*
ASCT
*
*% I-0 DEWICE EQUATE SYMBULS
* :
* |
SFCR] EQU REQD4H F
RTIR1 EQ BEIQSH : :
SRCRZ Edil QEGOEH-
i RTDRZ Enu BEQOSH
*
¥ APL DATH
*

AFUTAT  EQU  GEGACH
APUSTA  EQU  QESOIH
DIRAL  EGU  @EDOOH
i RINTF  EQU  GFFFSH
. *
END

B-15




*
*

GRINI
GAINZ
GAINS
GAIN3
TIME
ZERU
THG
FOUR
+

*

* %

*

*%

*
SAVER
Loc
SWITCH
*
WHICH
CHA
OFFSET
<

¥

NAM DDATA
OPT REL

XDEF SAYE R s LOCs SHITOH WHICHs CHAMS OFFZET
XDEF SHMILOC s SHIFPDZCRA

XDEF QUTLDC « RMFPSUN L PHRIUM AMFAZ s FHAARZ « AMFEL « " HREL
XDEF DDFE «CEBsEASEsGRIH MU CONYRT e 2TATUZ D A
XDEF GRIMLGRINZy GAINS GAIHE

XDEF TIME s ZEFQs THOs FOLR

DSCT -
FCB aaH

FCE A1H

FCB B2H

FCB A3H

FDE BBRIH

FCB BIH

FCB B2H

FCB B4H

ALLOCATED MENMORY ARER
TEMPORAF'Y MEMORY YAFIRELES

RME 2 * USED TO SAYE COMTENTS 0OF 1 RESISTEFR

RHE: 2 4 USED WHEH CONFUTING RDDFESS F _US OQFFSET

RME 1 # USED 1IN INCREMENTING FAGE JEF ) MEMORY FOSITION
(SOFTUARFE SUITCH:

RME t * POINTER USEDL TO FEEF TRACE 0F SWITCH FOIITICH

(4513 t # POINTEF USED To EEF TRACE OF CHANNEL SELECTION

RME 1 # COMFUTED OFFIET UIED WHEN COr -UTTHG HEW ARDDRE:S

 DEDICATEDN MEMAF: YAPJAELES __
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-« 1

SHILOC FIE SUWIFOS # LOCATION OF SWITCH FOSITION CODES §
SHIFDS FCB 9FFH # SWITCH POSITION -- OFF
FCE OFEH # SWITCH POSITION -- OHE
3 FCE 9F DK # SHITCH POSITION -- THWO
1 FCB BFEH # SWITCH FOSITIOHN -- THREE
. FCE OFTH * SWITCH POSITION -- FOUR
* %
&% EXTERHAL IMTERFACE EBUFFER RAREA i
* 1
QUTLAC FDE HIFSUN % LOCHTION OF MEMOEY RESERYED FOF DUTEUT !
AMFSUM FDE GIXIER Y| + SuM AMFLITUDE !
PHRSUM  FDE BOaa1H # SUM PHASE
AMFRZ FILE BIa1H % AZIMUTH AMFLITULE
PHRAZ FDE Qad1H * AZIMUTH PHASE
AMFEL FLE G001H * ELEYATION AMPLITULE
QG 1H % ELEVATION PHASE

PHAEL FDE
*

% ESTERNAL, IHTERFRLE ZUFFER ARER
*
CRA RHE: 2 *TERMINATES COHTROL EASED OM AN "S~
ASCT
DIFE EQu BEAQZH # DARTA DIRECTION REGISTER PIR FORT B
* CSHITCH CONTROLY
cee EQu PEBOIH # CONTROL PEGISTEF FIA FORT B
BRSE EQ AES4H % BEGIMHING OF ADC EBOARD * MEMORY * LOCATIONS
. GAIN EQL EASE+SH  # MEMORY LOCATION T RACCESS GARIH
* MU~ g ERZE+OrH « MEMOFY LOCATION TO AC MULTIFLEZER {HAMHEL SELECT
CONVRT EON ERAZE+QEH « MENMOF, LOCATIMH TO AL CONYERT COMMAND
STATUS Eou BRASE+OCH « MEMOR. LQCATIGH TO RC STATUS
DATA EQuU ERZE+ADH » MEMOFY LOCATION TO ACCESS RADC DATA MS BYTE
*
EHD . :
3
!
) i
i

|

i B-~17
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~MODULE WANE: SUATA

N0 UMDEFIMED SYMBOLS
MEMORY MAF

S SIZE STR ENMD CaMN
B 0009 904D 9ol0 vona
C 0082 2000 oot gua2
D 83SE 20062 23SF aoeg:
© P 1BS? 23¢8 3EEs 900F

MODULE NAME BSCT DSCT PSCT
MAIN 0940 2032 22¢q
CNTL 040 2050 274E
INIT 0040 2072 xSy
AN - 0040 2872 2274
NETARHL Q049 2073 z3E4
RADLO @40 2073 z9zs
comMPUT 8040 z&@~3 29pZ
WRIT 00408 28075 29FH
SDRTHR 00408 22873 RN
RDATH 9040 2193 ZROD
DDATH 8048 2178 ZAMD

8848 21A2 2ROM
FTHRUN BB40 22%¢ 2033

COMMON SECTIOQHS

MODULE HAME:
MAIN P 225

MODULE HMAME: CHTL
CNTL P 2F4E

MODULE HAME: INIT
INIT P 2258

MODULE MAME: AIM
AIN P 2373

MODULE MAME: NETAHL
NETAHL P Z2g4

MODULE MAME: FAILD
RRDLD P 2338

MODULE MAME: COMFUT
COMPUT P 23D2

MODULE NANES WRIT
WRIT P 29F9
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{
i . _
T ARLZEP D ZQEC AAMIEP D ZOEE HELIEF D AEMZEP D
REF D 2ac ADLZEF D ZODA ADMZEF D 2 AELIEP [
REMZIEF D A3L3EF I 20k ASMSER D 2 RILDE D
Az D SALZER D 20ED BAMIEF D 2 EELSEP D
BEMZEF D B3EAZ D ZOALD BIEEL D 2 COoHt D
CONZ ] cTs D zoag DACAL A DACAZ R
DACARZ A DRCA4 A EBZE DACAS & DEG D
VEGRAD D EBLIEP D Z0Ex EENSER D 2 EEF D
EDLSEF D CIMIEP D 2GDE ELLDE I ELP D
FIMARL D Z FIRSTP D 2ot Ga Dz GALZEP D
GRMIBF D 5l D 2oAE GIL3EF D GIMiEP D 20LD
HEARDER D ICALPT D ZBCH KHLZEF D | KHMZEF D 2aD3
KRZ I 4 KEL D 2992 KELZEP L 2 KEMIBP D 29LS
MAMRZ D H7 MANEL D Z0%F PALSEF [ FAMSEF D 2BED
PAMAZ D 29AS PANEL D Z07B FELSEF [ FEMSEF D 2aF |
PSLSBP [ Z0RER PSMIEF [ 2GEQ REFIUM D SDLEBP D 29D
SDMSEP D ZOLT SFEE D 2OFF SFGL ] SFIA D 2uF2
SFIF I 2aF7 SUMDE D ZOES TDAZ D TLOEL D 2als
TEMPHT D 2032 TEM D 297C TMFSIN D THPXZ D 2ok
5 TWENTY D 2Q7E
MODULE MAME: FDATH
RINTP A F2 RFIT I 2189 AFUDAT F EG0LC APUATA A Eaal
. : AZANG D 24 AZBCD [ 2116 ARZIBCDE b 2115 RZEIN D 211E
i BCD3GH D 11 BINUPR D 2112 CR D DML D 214/
! DDRAL A <[} ELAMG D 21ZE ELECD T ELECD: D 211=
ELBIM D D OUTEUF D 2113 FLUS D RTIF1 A EOSS
RTDRZ A 3 RUBULF D 21za RABUFL D SFCF1 A Eood
SRCR2 A 3 TEMFR D 214D TEMFE D TEMFY D 210F
TMPELD D F THMFELF D 2134 TAEUZF D THBUFL D 214C
TXEUF2 D TADRE D 2tpo
MODULE MAME: DDRTH
AMFAZ D 2133 AMFEL D 213C RMPZIM D 2194 EASE A E
‘e CHAN D 2133 COMNYRT B EQJE CEA I 21A0 CRE A E
DATH A ES4D DIFE R EQaZ FOUR b 21az GAIM A E
GRINL I 217R GARINZ D ZITE GAIN4 D 2170 GARIMZ D 2
LOC D 2135 MU R EQ4A OFFZET D 212R QUTLOC D 2
FPHARZ D 213A PHAREL D Z13E FPHARZLN I 219 SAVE: D &
STRTUS A EG4C SWILQC [ 2L1iE SHIPQS D 218D SNITCH D 2
TIME D 217E TWO D 2121 WHICH D zt3s ZERD b2
L MODULE MAME:
CLOSIT P 2C0u OFENIT P ZARS WRITER P Z2EDe
N MODULE MRME: FTHFUN
BUF S o h COMER P OZESF EEUFE T FILES D 2284
LPUZES D h FUNE I a18 D KDV IHE P 350%
RDXDTS SSCC RPUNDE
°2
B-19




RLOAD

BRSE

[DON
LORD=LIB
LIB=FORLE
MO=MAPL MO
MAPF
MO=#CN

. MAPF

0BJA=0CBJ1.LD
LOAD=LIB
LIB=FORLE
EXIT

MERGE FSTR RO TRCHT PO IHIT. PO Lo ATHL RO L COMPUT RO L TORISK (RO L LIEL RO
MERGE LIB.FO HETAHL.FO: 1«RADLO,FO: 1, WAIT. RO 1 DATR, RO LS LTIE.RD
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Appendix C
Radome Measurements Receiver System Software Listing




R I R R R R A N A R AN R R R R R R R RN R R AR Y

NEW SCAN PATTERN (#3) SCANS A 32 DEGREE CIRCULAR RASTER PATTERN

. we wn can

W we ws we we Wi es we we

33
HE
i3
HR]
33 ENTRY 1: MUST BE 2.0 DR WHATEVER ELEVATION x -1 TO STOF AT
i3 ENTRY 2: ELEVATION STEF SIZE H
HE ENTRY 3: ANY KEY TO START SCAN H
LR ’
T3P T I NN IIIIFNSNIINIINISAIIIINIIISIIITINNNIIINSILEISIINILIGSS
sy
ST28 LDX #OQ00 . .
STX MFLAG :CLEAR MOTOR AND PROGRAM FLAGS
3TX AZLEY | sFIRST AZIMUTH
LDX #I200H :RADIUS
STX ELMEY sNCW ELEVATION
LDXx #2D2BH kel
STX AZFEYS
LDX #ST280O .
STX STADDR : SAVE RETURN ADDRESS
DEC FFLAG 1+ SET PROG FLAG
NOF
sST280 NOF
NOF
NOF
ST2BA LDA A ELSIGN 1GET CURRENT ELEVATION SIGN
cMre A #2EH R
B 8728C 160 IF ELEVATIONO
Lea A ELECD :BCD CURRENY ELEVATION
LDA B ELECD+1
LDX #FROGA 1LAST ELEVATION MAGNITUDE
NOE
LHMFP A Bl sCHECK PROXIMITY OF LAST FOINT
BHIL ST28AA sNOT WITHIN 1 DEGREE
BRA FINA sWITHIN ONE DEGREE, DONE
ST2BAA TST CARRY 1MAYBE OVER 1 DEGREE FNST END
BMI ST28H :NO, CONT INUE
FINA | Lox 457T.8
STX STADDR
IMF ST28
ST2QR JEK NEWAZ sCALCULATE NEW AZIMUTH
LA A AZSIGN
ST A AZFEYS
LDX #CT28EL
STX STADDR
NOF
5T2881 LDA A SLKEY+1
ADD A “ROGB+1
DAA
STA A ELKEY+1
LDA A ELKEY
ADC A FROGB
G
372 A ELNEY
ST288B2 LD« RST2BB3
STX STADDR
NOF .
STI8B3 LDA A AZSIGN tCURRENT AZ SIGN
TME A #ZEH g+
e RRDEE] )
M A #.200H R
STA A AZLEYS
BRA ST28BLS
STIOBA LD A EIbE] PR
TNk [EPE I sCHANGES SIGN OF AZIMUTH FUR NEXY FOSITION

ATITIRE e LIRS )

TR Y

——




ey ety

. JMP
sTI8C LDA A
LDA B
LDX
NOF
STA A
sTA B
TST
BEQ
LDA A
s5TA A
§T2BC1  LDX
STX
 NOF
3T28C2  JSK
LDA
sTA
LDX
STX
NOF
g728C3  LDA
cMF
EEQ
LDA
STA
ERA
§T28C4  LDA
sTa
ST2BECS  LDX
5TX
JHp

DD

»>» PD

>D

PYR

NEWAZ LLA A
JSR
LDA A
ALD A
STA A
LDX
STX
LDA
LDA
ADD
ADC
sTA
STA
LDX
LDA
LDA
STA
sSTA
RTS

TAB1 WURD
WCRD
WORD
WORD
WORD

 WORD
WOF:D
WCRD
WORD
WORD
WORD
WORD
WGKD
WORD

2o o>TD

oDmP

"NEWAZ" SUBROUTINE THAT

ST28R
ELKEY
ELKEY+1
#FROGB

ELKEY
ELKEY+1
CARRY
ST28C1Y
#ZDH
ELFEYS
#5T28C2
STADDR

NEWAZ
AZSIGN
AZHEYS
#ST28C3
STADDR

AZSIGN
H2BH
3728C4
#2BH
AZLEYS
ST28CS
#2DH
AZLEYS
#ST28A
STADDR
STZ28A

ELLEY
BCDRIN
TEMFA
TEMFA
SAVEA
LANAL-DY
SAVEX1L
SAVEX1+1
SAVEX1
SAVEA
#0O0OH
SAVEX1+1
SAVEX1
SAVEX1
O, X

1,X
AIKEY
AZEEY+1

03200H
037198H
03194
03186H
0317%H
03161H
03147H
OTLI2TH
Q3100M
0OZ070H
03Q40H
OZ00%H
02946H
02924H

sCURR AZ SIGN

g
1 +"

CALCULATES AZ POSITION BASED ON EL.AND FROGA

:GET ELEVATION MSEH
:GET BINARY EQUILV
tBINARY EQUIV
sBINARY EQUIV
$SAVE THIS ONE

182 TABLE FOINTER |
s SAVE POINTER

s+ GET NEW ADDRESS

1SAVE 1T

1GET AZIMUTH
$GET AZIMUTH LSP |
s STORE INTO AZKEY
1 SAME FOR LSBE

: DONE




ECDBIN

TNLF

Let

CNELF

LPZ

WORD
WORD
WaRD
WORD
WIRD
WORD
WORD
WORD
WORD
WORD
WORD
WCRD
WORD
WORD
WORD
WAORD
WJIRD
WORD
WCKD
CLR

r
W
x n
D> DD

4
0
pe
b 3

FSH
LD
ADD
sTA
FUy
DEC
EED
FsH
ERA
FUL
AMD
TST
PEL
FSH
LDA

PIDDPDD

p o]

T DD

S1A
FUL
DEC
BEQ
FSH
EBFA
sr3

=MD

b v R o b i o

>

0Z877H
02826H
NIT771H
OZ711H
DZH46H
OZS7SH
O2500H
02414H
QIZT24H
O222CEH
O2117H
Q2000H
01845H
OL717H
01546+
01383

N1113R
00794H

}SAVE A
:GET UPPEF 4 BITS
§MOVE 1 GIT RIGHT
s THAT MAKES 2
; THERES I
s THAT"S ALL FOLKS

;CLEAR AQNY CARRY

HOFOH

ONELF :
TEMFA ’
:1SAVE SHIFTED A (S3TACK: SHA,A)
TEMFA
#OAH $1ADD 10
TEMFA
. $GET SHIFTED A BACK
;DEC COUNTER
ONELF :IF FINISHED
:SAVE SHIFTED A AGAIN
LF1 :DO IT AGAIN’ .
s FULLS ORIGINAL A
ROFH iGET LS NIEGLE
$5EE IF DONE
EREC +60 IF NO ONES
TEMFPA $+GET INTERMEDIATE RESULT

#O1H ;s INCREMENT BY ONE
TEMFA 1SAVE RESULT
:GET ONE COUNTER
: DECREMENT
EBBC ;GO IF DONE
$NOT DONE YET
Lp2




! SECTION BLK, ABSOLUTE

ORG ODOOH
DISBUF  BLOCK 20
SIEUF BLOCK 21
TEMPX BLOCK 2
RALIUS  BLOCH 2 1
FPT32 BLOCK 4
ELRESULT BLDCK 5
AZRESULT ELOCK s
INTREG  BLOCK 2
ENTRY1  ELOCH. 1 .
ENTRYZ  BLOCH 1
SAVEB BLOC. 1 .
SAVEC ELOCK. 1
CHARBF  BLOCE 1
CHARPT  ELOCK 2
CHARCT  BLOCK o .
CHRNUM  ELOCK 1
SAVEA BLOCK, 1
SAVEX ELOCK 2
SAVEX1  BLOCK 2
TEMPA ELOCH. 1
TEMFE BLOCK, 1
MSEENC  BLOCYM 1 t
LSBENC  ELOCH 1
LETA BLOCK 1
LETE ELOCH 1
BCDA ELOCH 1
&CDE BLOCK 1
SAVDEC  EBLOCH 1
SNGLE BLOCH 3
SIGN ELOCY, 1 :
AZSIGN  BLOCY 1
ELSIGN  ELOCH 1
*AZBCD BLOCH 2
“ ELBCD BLOCK o
TEMFX1  ELCCH 2
) TEMEXZ  BLOCH o .
: . ENTRYA  ELOCH 1
ENTRYB  BLOCK 1
FEYENT  BLOUCK 1
TEMFA1  ELOCH 1
TEMFB1  DLOCK 1
r EYC ELACK 1
AZKEY BLOCK 2
ELLEY ELOCH 2
AZLEYS  BLOCH 1
’ ELKEYS  BLOCK 1
MFLAG BLUCK 1
FFLAG BLOCH 1
MINUEN  EBLOCK 1
SFEEDA  BLOCH 1
SFEEDE  BLOC 1
AIMAG BLOCK 2
ELMAG BLOCK 2
AZEL BLOCK 1 .
TEMFS BLOCK 1 .
FROGN BLOCK 1 bt
FROGL BLOCH 1 v
FROGH BLOCK 2
D PROGB BLOCK )
PROGC BLOCK, 2 .
. FFLAG ELOCH 1
DFLAGA  RLOCH 1
L ~GE [2{IRIN 1
SFLATA  BILEU 1 :




SFLAGE 2L
TEMPD EBLAOCK
BCDVSR BLOCK
FRTEL BLOCK
FFTAZ BLOCK
FFPTELS BLUCH
FPTAZS BLOCH
FROCNT BLOCHK
STADDR BLOCK

CROANG BLOCK
B INANG EBLOCK
SINE BLOCE.
COSINE ELOCH
3 BLOCK
CSIGN BLOCK
SAVEL BLOCH
BINUFR BLOCH
FELLIM BLOCH
NELLIM BLOCK
FAZLIM BLOCHK
NAZLIM BLOCK
LFLAGE BLOCK
LFLAGA BLOCH
MSGFLG . BLOCH
BAVEXZ2 BLOCK
H MODIFICATION V1.3
SFEED BLOCK
GIMIFPEED BLOCH
AZSPEED  BLAOCH
ELLSFEED woLUCH
AZSFD BLOCK
ELSFD BLOCH

- YRR )

R) et e PP R B = e e PR3 )

b B e s h b e s

TARFY BLOCK

1 I1/7C EQUATES
HEFSPRD OEOH
QUASFD QETH ) .
QCFA2 DFH0aH $MS 4 RITS OF #1-AZIMUTH
CRA2 J 08405SH .
DDRR2 08406H iLS 8 BITS OF #1-AZIMUTH
CREZ 08407H .
DDRAZ 08800H LS 4 BITS OF #2-ELEVATION
CRAZ 08301H
DDRE3 0880CH $tMS 8 BITS OF #2-ELEVATION
CREZ
DISAZ
DISEL
MSBSEL
LSHBSEL 3 OBEOTH
MARSAZ A DSEOLIH
LSESAZ i 0BELOH
DDFRA 08400
CRA OB4A01IH
DDREB ) 08402H
CRB UB403H
ACIAS e 03408H sACIA STAUS/CONTROL REGISTER
ACIAD () BA0IH $ACIA DATA REGISTER
AFUDATA OHB04H tAFU DATA INFPUT/OQUFUT
AFUSTAT | O881I3H $APU COMMAND INPUT AND STATUS OUTPUT
ETHSFD ;(MOD 1.3
.

SIPINIIIIITINIBIIRIRIRISISIIIIAIRISANNANN

MATN FROGRAM- 2000-7016 HEX




.
s

SECTION MAIN
ORG 2000H

H
s INITIALIZE PIAS

.
GOE L.DS ROFFFH
NOF
SEI
LDA A #3 50000001 1= MASTER RESET o
S5TA A ACIAS ;RESET ACIA
LbA A #31H ©§10000001 = 7 BITS, EVEN PARITY, 2 STOP BITS
8TA A ACIAS ;SET ACIA FOR RECEIVER INT,TXMIT INT QOFF
CLR CRA " 3$CLEARS CONTROL REG A
CLR CrRp t1CLEARS CONTROL REG B
CLR CRAZ
CLR CREZ

ADDTICN TO INIT ROUTINE
COMPENSATICN FOR INVERTED BUS DRIVERS -

[

(MOD 1.2)
, LDA A HOFFH $sGET OFFOSITE OF 00
5 sTA A CRAT sCLEAR CONTROL REG OF A SIDE
: . STA A CRE3 ;CLEAR CONTRQL REG QF B SIDE
f : CLR DDRE3 :SETS UF B SIDE OF DATA FORT A ALL DUTFUTS
LDX #3400H
; Lba A HOFOH
| STa A 0. X
] STA A DDRAZ 5 (MOD 1.2) COMPENSATION FOR INV BUS DRIVERS
LDA A #7
STA A 1, X
LDA A #OFH
STA A O, X
STA A 4,X
. LDA A ROFFH
A STh A 2.
STA A b, X
LDA A HOO4H
STA A CRAZ
STA A CRE2 _
Lba A #OFBH :{(MOD 1.2) FUTS 04 INTO CONTROL REGISTER
STA A CRAZ
STA A CRE3
1 LDA A #OZDH )
STA A CRE $SELECTS QUTPUT REGISTER B
H
R i INITIALIZED MOTORS TQ ZERQ SFEED,ETC.
*
LDX #TEMPX )
NEXTC CLR 04X tCLEARS LOCAION FPOINTED TO BY THE X REGISTER
INX
CFX #CARRY+ 1
BNE NEXTC

L]
$ADDITION TO THE INITIALIZATION ROUTINE
sINITIALIZE ASCII FORM OF GIMBAL SPEEDS TO FULL SFEED.

MOD (1.3)
LDA A #39H $ASCII "9~ _ -
STA A AISFEED ;A2 SIMBAL AT FULL SPEED
STA A ELSFEED  ;ELEVATION GIMBAL AT FULL SPEED
LDX #TLOON
3rx FELLIM

C-6




SN
STX
STX
LDA
STA
LDA
STA
LDA
STA
sSTA
STA
LDA
STA
STA

PPrr»LPDDPLDD

INITIALIZES CONTROL LOOF SUCH THAT THE FOSTITIONER
NOT MOVE UFON FOWER-UF

HNELL LM
FAZLLIM
NAZLIM
#ODH
SIBUF+20
HOFFH
LSBSEL
#UFFH
LSBSAZ
SFLAGA
SFLAGE
#OOLK
MSBSAZ
MSESEL

:INITIALIZE (CR) IN SIBUF

$SETS AZ SFEED FL

1SETS EL

; TURNS ON FOWER TO AZ MOTOR
s TURNS ON POQWER TO EL MCTOR

(MOD 1.1}

1 READ ANGLES

sUFPDATES AZIMUTH KEYENTRY WITH

$CURRENT AZIMUTH LOCATION
$SAME FOR ELEVATION

i CURRENT AZ SIGN STATUS

TFIX FOR THE

tDISFLAY “THE GA. TECH RFSS*

woLr

sWAIT FOR T SECONDS

[Redeciy

1WAlT FOR 1 SECOND

i DISFLAY

" VERSION 1.5

1 IDLE STATE

:CLEARS

sFUTS

MOQTOR CONTROL LOOP

WILL
JSR SHAENC
LDX AZECD
STX AZHEY
LDX ELECD
5TX ELFEY
LDX AISIGN
STX At EYS

H
NOF
cL!

LI

Y]

sistITitiiiiacs .

MSGA LDX #MSG12
JSR ASCDIS
LD B HIO
PN WAITE
LDX #MSGL2
JOR ASLIPIS
LDA B #10
JGR WAITE
LD« #MSG14
JSK ASCDIS

M3GB LA B #10
JSR WAITE

¥

: STATE ZERO

H MAIN CONTRCL LOOF

STO LD A FFLAG
BFL 3TOA
SR FFLAG
LOA A KEYENT
LDX H#SFO
JSR ADDCAL
LDXx 0.X
JME 0.X
T AZIMUTH

3TOA JER SHAENC
LCH A MFLLAG
Bl ST
LUR A A2y EYS
M A ACSIGN

"KEY PRESSED"
1GETS KEYCODE OF +EY PRESSED

0 STATE FOINTER IN INDEX
:JUMFS TO ROUTINE TO CALC NEXT

"RADOME FOSITIONERY

FLAG

iREADS AZ AND EL ANGLES

1SEE IF BOTH SIGNS EQUAL

AG TO NOTE ZERO SFEED

INSTR THAT FOLLQWS

ws ws ms we we
an as cee we wh

REG
STATE




ST

STOX2

STOX1

K} STOR

sToC

STOD
DIFFAZ

BZ
SAMEAZ
NCAZ

-

YESAZ

R ——— A S 7 = s

-

)|
LDA
ADD
DA
STA
LDA
ADC
DAA
LDA
STA
BRA
LLA
LDA
LDX
JSK
STA A
5TA B

»m r»D>» DD

w D

TST A
BNE
CHMF B
EHI
LCA A
STA A
STA A
BRA

b o o4

r
o
>
TP>DD

0
X
mn
D

JMP
TST
BMI
JMP

Jr-

3TOX
AZKEY+!
AZBCD+1

AZMAG+1
AZLEY
AZBCD

AIMAG+1
AZMAG
STOX2
AZrEY
AZLEY+1
#AZBCD
BCOSUB
AIMAG
AZMAG+1

STOX1
B1SH
STOoX1
#OFFH
SFLAGA
LSESAZ
STCE

STOB
#OSOH
STOR
HETHSPD
SFEEDA
STOD

HOO04H
STOC
#QUASFD
SFEEDA
STOD
AZSFD
SFEEDA
ALLEYS
AZSIGN
SAMEAZ
#OEBH
B2
LEFT
RIGHT
#ODBH
YE3AZ
C&RRY
B
LEFT
RIGHT
CARRY
E4
RIGHT
LEFT

sBRANCH TQ DO A BCDSUB IF SIGNS ARE SAME

sFIND LSBYTE OF AZ MAGNITUDE DIFF

1FIND MSBYTE OF AZ MAG DIFF

$AZ MAG DIFF NOW IN A AND B REGS

sPUT AﬁDhESS OF BCD CURRENT LOC IN INDEX REG

s JUMPS TO ROUTINE TQ SUBTR BCD #"S

ADDITION TO TIGHTEN CONTROL LOGF (AZ) TO .1 DEGREE (MOD 1.1)

$START <0.2 DEGREE TEST .

s BRANCHES TO <0.3 DEG TEST IF BCD WORD NOT
;COMFARING T 0.15 DEG

§ BRANCHES TO «<0.S DEG TEST IF BCD WORD NOT
sCURRENT FPOSITION 15 LESS THAT 0.2 DEG
:SETS Al SFEED FLAG WITH CORRECT SFEED
sSTOP AZ MOTOR WITH ZERO SFEZD

$START <0.5 DEG TST
s BRANCHES IF Q.5 DEG TEST IF BCD WORD NOT

{ESANCHES IF <0.5 DEG TEST IF BCD WORD NOT <

sSET SPEED TO EIGHTH SPEED
3SET UP SPEED VARIABLE FOR USE LATER

s TEST FOR <3 DEG

:BR TO <10 DEG IS “S DEG TEST FAILS
$1SET SPEED TO QUARTER SFEED

$USED LATER

$SET SFEED TO ('SER SELECTED SPEED (MOD 1.3)
;USED LATER )
;DESTINATION NOT REACHED, CHECKS SIGNS

sDIFF SIGNS

iSAME SIGN FIND WHICH ONE FLUS

tELEVATION MOTOR CONTROL LOOF

3
LDA A
Oren

[

ELIEYS
ELSIGN
LYY

<0.

$THIS CODE DUFLITATED SROM T A7 CORE ARIVE

wm




LDA A ELKEY+1
ADD A ELBECD+1
DAA
STA A ELMAG+1
LA A ELHEY
ADC A ELBCD
DAA
LDA B ELMAG+1
8TA A ELMAG
BRA STOY1
STOY LDX #ELBCD
LDA A ELKEY
LDA B ELKEY+1
JSR BCDSUR
5TA A ELMAG
SYA B ELMAG+1

ADDED TO TIGHTEN ELEVATION CONTROL LOOF TO .1 DEGREE (MOD 1.1)

E ]
STOY1 TST A s THIS CODE ALSO DUFLICATED FROM AZ CODE .
BNE STOZ
CMF B #10H
BHI aTQz
LDA A #OFFH
STA A SFLAGE
STA A LSESEL
JMF CFFLAG
STOZ TST A
ENE STOF
CMFP B #OSOH
BHI TOrF
LDA A #ETHSFD
STA A SFEEDE .
BRA STOH
L]
STOF CMF A #O04H
BHI STOG
LDA A #0UASPD
STA A SFEEDE
BRA STOH
STOG LDA A ELSFD
STA A SFEEDE
STOH LDA A ELEEYS
CM A ELSIGN
BEO SAMEEL
DIFFEL CMF A #OTEH
BEQ BS
BRA &7
BS BRA B3
SAMEEL CMF A #OZBH
BED YESEL
NOEL TST CARRY
BMI B&
BRA B7
EBé ERA B8
YESEL TST CARRY
EMI B? .
E8 JME UF
07 JitF DOWN

tEND STATE JERO

IR R R N R R T
IR R EEEEEREEREEEEEEE R EEEERE

.n
an
we
-e
-
-,
..
-e
-,
-
.
-
e
-
-
-
s
»e
»a
.
‘e
-.
>
.
an
-
an
.
-
-
-
e
™
an
ae
.
-
..
-
-
..
-e
..

BEGIN STATE 1

-a an ae we e
as as an ws en




ST1 LDA A #OUASFD ~ ;REGIN STATE UNE, MANUAL DODWN
LDA B BOFFH .
JSR MOTEL 1 JUMPS TO SUBROQUTINE COMMAND ELEVATION MOTOR
ST1A LDA A #70H
STA A DDRA
LDA A DDRA
CMr A #77H $sHAS DOWN KEY BEEN LET UP YET
ENE ST1B :DOWN MEY IS NOT BEING FRESSED NOW
JSR RESTO s RESTORE KEYBOARD BEFORE READING ANGLES (MOD 1.1)
JSR SHAENC :DOWN KEY NOT UF YET THERECFOR REARD ANGLES
BRA ST1A
STiE CLR LFLAGE s CLR LIM REACHED FLG.
Lba A HOFFH s TURN OFF MOTOR
TAE sCLOCMWISE MOTION STILL SET
JSR MOTEL .
JSR RESTO sRESTORE KEYROARD FIA, AND BACK TO STATE ZERO
JMP STO
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
LI 9
HH BEGIN STATE 2 33
HE] i3
IR R R R R A R R RN E R R R R EEE R R EEER R R E N ¥
ST2 LDA A #OUASFD sBEGIN STATE 2, LOAD A WITH SFEED (MOD 1.2)
CLR B :LOAD B WITH DIRECTION (MQD 1.2)
JSK MOTEL
STZA Lba A #70H
STA A DDRA
Lba A DDRA
CMF A #O7BH sKEY RELEASED 7
EBNE STZE
JSR RESTO {RESTORE HEYBOARD BEF READING ANGLES
. JSR SHAENC tUF KEY STILL REING FRESSED. READ ANGLES
(] - ’
X BRA ST2A
ST2m CLR LFLAGE tCLEAR LIMIT REACHED FLAG
LDA A #OFFH
CLR B sC-CLAOCHWISE MOTION SET
JSK MOVEL
JGR RESTO
JIMP STO
$END STATE 2
3 IR R R R R R R R R R R R R R R R R R R R A R R R R R R R R R R R R R R R R R R R R R R R R R R R A R R R R R R R R R R R R R I
s e LRl
HE] BEGIN STATE 2 HY]
B HE HY
IR R R R R R R R R R R R R R R R R R R R R N R R R R R S R R
.
ST LDA A #QUASFD sBEGIN STATE 2, LOAD A WITH SFEED (MOD 1.2)
™ CLR B sLOAD B WITH DIRECTION (MOD (.2
JSR MOTAZ sJMF TO ROUTINE TO COMMAND AZIMUTH MOTOR
ST3A LDA A BOBOH
STA A DDA
LDA A DGRA i }
CHMF A HOHTH $HAS RIGHT KEY BEEN RELEASEDT
ENE STZB
JSR RESTO
JSR | SHAENC
| N3] ST3A
ST3R CLLR LFLAGA sCLEAR LIMIT REACHED FLAG (MOD 1.1)
LDA A #OFFH s TURN AS MOTOR OFF
CLik B
JSF MoTAZ
Jak FESI10 sRESTORE KEYBOARD PlA. DACK TO STO
Jri STO

LN 3LATE T
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AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R ERE R R R R

;CLEARS KEYENTRY FLAG
sDISFLAY "“AZIMUTH H

sCLEAR BOTH REGS TO BE USED WHEN PACKING ENTRIES
sGETS  KEYENTRY

$ JUMPS TO NEXT STATE DETERMINED BY KEYENTRY IN A
IR R R R R R R R R R R R R R R A R R R R R R R R R R R R R H
. is

BEGIN STATE 11 . . 3t
. . il
9’

§REMEMBERS KEY PRESSED (SETEL OR SETAZ)

sDISP "ENTR ELECATION ANGLE"

{WAITS FOR NEXT ENTRY
sCLEARS ENTRY FLAG

s DISPLAYS “ELEVATION . "

s GETS KEYENTRY

:BEGIN STATE 1., PLUS SIGN AND MAGNITUDE
:DIPLAYS PLUS SIGN

s INCREMENTS TRACHING FOINTING

s REMEMBERS SIGN QF ENTRY

;s CONVERTS KEYCODE TO BCD CODE

{ROUTINE TOD PACK ENTRY .

s CONVERTS BCD CODE TO ASCII

s ECHOS KEYENTRY ON THE DISFLAY

s REMEMBERS NEW?VALUE OF TRACKING POINTER
sWAIT FOR ANOTHER KEYENTRY

$GETS KEYENTRY

S

R R R R R R R RN R R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R R R R R R R AR R R AR AR

i ST10A LDA A KFLAG™
BFL ST10QA |
CLR KFLAG
LDX #MSGs
JSR ASCDIS
CLR ENTRYA
CLR ENTRYB
LDA A KEYENT
LDX #SF10
JSR ADDCAL
LDX O, X
JMP 0.X
L ;END STATE 10
IR R R R R R R R R RN R R R RN
HK
HH
33
IEE R R R R R R R R R E R R R R R E R R EREEE B
’
ST1t STA A AZEL
LDX #MSG1
JSR ASCDIS
LDX H#DISEL+1
STX SAVEX
ST11A LDA A EFLAG
BFL STi1A
CLR FFLAG
LDX #MSG7
JSR ASCDIS
CLR ENTRYA
CLR ENTRYB
LDAa A KEYENT
LDX #5P11
JSR ADDCAL
‘e LDX 0,X
JMF 0, X
1END STATE 11
$IESIITSSIETIIILLILIGSY
HR]
HE
IR R R R R R R R R R N R R R R R R E R R R R R R R R R R R R R R R
1
4 ‘ ST12 LDA B #0O2BH
LDX SAVEX
STA B 0, X
» INX
STA B TEMFPS
LSkt A
TAB
JSR FPACK
ADD B #OZTOH
STA B 0, X
INX
STX SAVEX
ST12A LDA A KFLAG
BFL ST12A
CLR KFLAG
LDA A FEYENT
LDX #SP12
JSR ADDCAL
. LDX 0, X N
JMP o, X
sEND STATE 12
IREREEERERRERERE
1
\
i stnmniidiiase, iy




g !
1
]
|
i3 BESIN STARTE 1.3 ]
HY HY
IR R R R R R R R R R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R R R R
‘
ST13 LDA B #02DH
LDX SAVEX
STA B 0,X s DISFLAYS ENTERED MINUS SIGN
INX 3 INC TRACKING POINTER
STX SAVEX 1SAVE TRACKING FOINTER
STA B TEMFS
ST1ZA LDA A KFLAG
BPFL ST1ZA
' CLR KFLAG
LDA A KEYENT
LDX #SF13
JSR ADDCAL
LDXx | e X
JIMP 0, X
$END STATE 17 . )
R R E R R R R R R R R R R R R R R R N R RN R R R R N R RN R R R R R R R R R R R R R R RN R R R R R R R
’y . LR
] BEGIN STATE 14
is 33
IEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R E R R R R R R R R R R ]
’
ST14 LSR A .
TAR . 1ST14 DIFLAYS ENTERED NUM AFTER MINUS SIGN
JSR PACK | :
ADD B #OTOH
LDX SAVEX
STA B (RIS $ECHO KEYENTRY .
INX 3 INC TRACH ING FOINTER
STX SAVEX it EEFS TRACE OF FOINTER
‘. ST14A LD A EFLAG sWATTS FOR NEXT tEYENTRY
EPL ST14A
CLR LFLAG sCLEARS KEYENTRY FLAG
LDA A KEYENT ;1 GETS LEYENTRY .
LDX #S5P14 ;LOADS INDEX REGISTER WITH STATE 14 PDINTER
JSR ADDCAL
LDX 0. X )
JMP Q. X
tEND STATE 14
IR R R R R R R R R R R N E R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R ]
i3 3
i BEGIN STATE 15 HE
* 53 HH
R R R R R R R R R R R R R R R R E R R R R R R N R R R R R R R N R R N R N R R R R R R R E R R R R RN R R R N R ]
i
ST1S LSR A tCONVERTS VEYCODE TO BCD CODE )
TAB 3ST1S DIFLAYS SECOND NUM AFTER EITHER + DR -
JSR PACK
ADD B #OTOH
LDX SAVEX
© STA B 0.X .
INX
STX SAVEX
ST1SA LDA A YFLAG .
) BFL ST15A SWAIT FOR NEXT KEYENTRY
CLR KFLAG $ CLEARS KEYENTRY FLAG
LDA A KEYENT
LDX #SP1S
JSR ADDCAL
L 9X 0, X
JMP 0, %

1END STATE 15
R R KRR R R R R R N RN R R R R R R R N R L R R I TN R A R R R R R RN NN T

c-13




i i3
i BEGIN STATE 16 i
i i
R N R R RN R RN R R F R R R R E R N N R R R RN
3
ST16 LDA B #ODEH 1ST16 DIPLAYS DECIMAL POINT (ENTERED)

LDX SAVEX

STA B 0, X ;ECHOS THE DECIMAL FOINT

INX

STX SAVEX
ST18A LDA A KFLAG

3WAITS FOR NEXT KEYENTRY

H R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
. s
H BEGIN STATE 17 13
H 3
H IR RN R R R R R R R R RN R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R R B
’
ST17 LSR A sBEGIN STATE 17-DISPLAY LAST ENTERED NUM

TAEK

ISR PACK

«bD B #OZOH sCONV BCD CODE TO ASCII

LLx SAVEX

STA B [\ ¢

INX

LDA A #27H

STA A QX :DISPLAYS DEGREE MARK AFTER LAST ENTERED NUM

INX

STX SAVEX ¢ INC AND SAVE TRACKING FOINTEFR

LDA A AZEL )

CMP A HOLEH s TEST TN SEE IF SET EL WAS ENTERED

EEQ sTi74 )

LDA A TEMFPS :STOES ENTERED DATA INTD AFFROPRIATE AZ REGS

STA A AZKEYS

LDA A ENTRYA

LDA & ENTRYE

JSR TSTANG

LDYx ENTRYA :TEST FOR ANGLE “40 DEG

STX AZl EY

BRA 5717C
sTi17A LDA A TEMFS $STORES ENTERED .ATA INTD AFFROPRIATE EL REGS

STA A ELFEYS

LDA A ENTRYA

LCA E ENTRYB

JSR TSTANG s TST TO SEE IF ANGLE »40 DEG

LDx ENTRYA

STX ELKEY

BRA ST17¢C ) )
ST17C LbA A kELAG $WAITS FOR START KEY TO BE PRESSED

BFL ST17C

CLR KFLAG

LDA A KEYENT $GET ENTRY e

LDX #SFP17 o

JSFk ADDCAL

L0X DX

JMF 0.X

tEND STATE 17

Cc-14




‘s BEGIN STAIE 18 $3
i i
R R E R R R R E R R R R E R R R R N R N F N NN N NN S RN E N R RSN RN
sT18 CLR MFLAG $CLEARS MOTOR FLAG: ST18 GO TO CONTOL LOOP

CLR LFLAGE ;CLEARS LIMIT REACHED FLAG

CLR LFLAGA

JMF STO

{END STATE 18
R R R R R R R R R S N E R E R S N F NS P F RN EF I
'y s
i BEGIN STATE 19 ii
i : 53
R R R R R R R R N R R R R R R N N R E R R R R F R E SRR EE R EE R T
ST19 LDA A BOFFH $ST19 DISABLES CONTROL LOOF (MOD 1.1) |

STA A MELAG tSETS MOTOR FLAG SO CNTRL LOOP DISABLED

JSR ALSTOF

TST LFLAGA $CHECK FOR AZ LIMIT REACHED

BED ST19A ;60 IF NOT REACHED .

CLR A $AZ LIMIT REACHED

LDA B DFLAGA $GET CURR DIRECTION STATUS

coM B 1GET OPF DIRECTION

JSR MOTAZ

LDA B #10

JSR WAITE $ALLOW TIME FOR AZ MOTOR TO REFOSTITION GIMBAL

LDA A HOFFH

LDA B DFLAGA

JSK MOTAZ :STOP MOTOR, LIMIT NO LONGER EXCEEDED

JMP ST
5T19A CLR LFLAGA |

TST LFLAGE $CHECK FOR EL LIMIT REACHED

_ BED ST198 360 IF EL LIMIT NOT EXCEEDED

CLR A $EL LIMIT REACHED

LDA B DFLAGE $GET CURR DIRECTION

com B {GET OFF DIR

JSK MOTEL

LDA B #10

JSR WAITE :WAIT FOR EL MOTOR TO FINISH MOVE

LDA A #OFEH “

LDA B DFLAGE _

JSR MOTEL $STOP EL MOTOR, LIMIT NO LONGER EXCEEDED

CLK LFLAGE

JMF STO . H
ST198 JMP sT7 ;DISFLAYS "FOSITIONER HALTED",WAIT 1 SEC,STO

;ENC STATE 19
R RN NN R R R R R N R R N F R RN R N NN S E N EE U RS PN URY
s, 9
s BEGIN STATE 20
s i3
R R R R E R E R R R R R R R R R R R R R RN S E RN R RN N R R R S NN E R R R EE R R EE R FEE Y
S7T20 LDX #MSGY ,

JSR ASCDIS $DISPLAY "ENTER PROG NUMBER"

LD #DISEL+S .

STx SAVEX
ST204 LDA A ¥ FLAG .

BPL ST20A 1WAIT FOR KEYENTRY

CLR EFLAG

CLR ENTRYA

CLR ENTRYB

LDX AMSGLO . . i

ISR ASCDIS +DISPLAY "PROG  :ENTER “

LDA A FEVENT

LD« HOH 2O

Jeie ADDCAL
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]

5

]

]

i ;

i : LDX HSF23
; ISR ADDCAL
; LDX 0, %

' JIMP O, X

{END STATE 23

R R R N R R R R R N R R R R R E N RN R R F N R R R E R E R R E R R N R R R R R R R R
> H
it PEGIN STATE 24 i
HH 33
i R R R R R R R R RN R N R R R R E R NN N R N R E R R E R R R E R E R E N R N SRR R R FR RN R
% ST24 LDA B #OZEH
i LDX SAVEX R
. STA B 0.X $+ST24-ECHDES DECIMAL FOINT
INX
STX SAVEX
ST24A LDA A KFLAG
BFL ST24A
CLR KFLAG
LDA A KEYENT
LDX 4#SF24
JSR ADDCAL
LDX 0,X
JIMP 0, X
:END STATE 24
R R R R N R R RN R R F R N R NN E R N R E R R R N R F R E R F E R E R R R R R F R EE R E R E R R R
L) ’s
i3 BEGIN STATE 2S5 i
HH HH
R R R R R R R R R R R R R R R E R N R R R R E R R R R R R R R RN R T
5T25 LSR A :ST2S-DIS LAST ENTERED NUM OF 3 FOR RASTER SCAN
TAE -
] JSR FACK
‘o ADD B #0I0H
1 LDX SAVEX
STA B D X
AT
. LDA B #027H
STA & G X
LDX 4DISEL+S :ECHDES ENTERE NUM AND DEGREE MARK
STX SAVEX +STORES TRACKING FOINTER
| LDA A FROGL
CMF A #042H
BEQ STZSB $BRANCH IF PROGL IS "B"
CMF A #OITH
i BEQ §T25C sBRANCH IF FROGL IS “C"
LDX ENTRYA
STX FROGA
LDA B #10
JSR WALTE t1 SEC WAIT
:
tADDITION TO STZS. CHECKS TO SEE IF PROG #4 IS
s BEING IMFLEMENTED (MGD 1.1)
H
. LDA B FROGN §GET CURR PROGRAM COUNTER ]
CMF B #T4H s COMPARES WITH ASCII “4“ .
BEQ 3T25A ;60 IF STATE=FROGRAM 4
LDX #MSG3
JSR ASCDIS s CLEARS DISPLAY
L.DY #MSG10 : :
JSK ASCDIS ;DISPLAY "PROG :ENTER" : o]
LDA A FROGN 1
316 A DIGAZ+S  $DISFLAYS THE PROGRAM NUM
LDA A HO4TH




$END STAT

ER ] DiSEL+D
STA A FROGL
. JMP ST21A
ST258 LDX ENTRYA
STX FROGR
3
$ADDITION TA STZSE.
$M3D (1.1)
"LDA B PROGN
CHMF B #33H
BEQ ST2SA
LDA B #10
JSR WAITE
LDX #MSGT
JSR ASCDIS
LDX #MSG10
JSR ASCDIS
LDA A FROGN
STA A DISAZ+S
LDA A #043H
STA A DISEL+3
STA A FROGL
JIME ST21A
ST2SC Lnx ENTRYA
STX FROGC
ST2SA LDA A LFLAG
BFL ST2SA
CLR FFLAG
LDA A KEYENT
LDX #SF2S
JSR ADDCAL
LDX .
JMF Tt
s

s DISFLAYS A “Bb" AFTER ENTER

' ;STIRES FROGRAM LETTER

Ck'S SEE IF PROG3 BEING IMFL"D

sASCII
;G0 IF STATE=PROG 3

vy
-

sCLEAR DIS
sDISPLAY "FROG :ENTER"
sDISPLAY “C"

:STORES CURR FROG LETTER
s JUMFS TOQ ENTER “C*

PROGRAM DISTRIBUTION STATE

:GET PROG NUM

iBR IF IN FROG #1

tBR IF IN FROG #2
"IN PROG #3
FROG #4
PROG #1
PROG #2
PROG #7

tBR IF
:Ga TO
:GO TO
160 TO
130 7O

(MOD 1.2) PATTERN NUM ONE

$STOO (MOD 1.1)

STOO LDA A PROGN
CHF A #T1H
BEQ STOOL
CMF A #2TH
EEQ STOO2
CMP A [ ad |
BEQ STOODT
Jme ST2?

STwOg JME ST26

STOO2 IMF ST27

STQOZ JIME SY28
sEND STATE 0O

IR EEREEREREEREER EREEH

i3

HE ]

IR R R EE R RREEEERE

?
16726

3726 LDx BO
ST MFLAG

:CLEAR X REG
:CLEAR MOTOR FAG AND FRUE FLAG

Cc-18




STI6BO

5T26BO1

5726B1

ST24B2
5T246B5

ST26C

AR e et £

LDX

5TX

TwWoD

w T

WD

mmDD

FROGA
AZLEY
FROGC
ELEEY
#2D2BH
AZKEYS
#ST26A
STADDR
PROCHT
FFLAG
STO
#02BH
AZKEYS
ELSIGN
#2EH
ST26AL
ELECD
ELBCD+1
#FPROGC
BCDSUB
#1
WEIRD
DONE
CARRY
STZ6AL
#3T26D
ST26AZ
HSTIGE
STADDR
PROCNT
STO
ELSIGN

ELLEY+1
FRUGE+1

ELKEY
FRAGE

ST26E01L
ELKLY
ELFEY+1
#HFROGE
BLDSUR
ELHEY
ELKEY+1
CARRY
ST24BL
HZDH
ELHEYS
FROCHNT
43
STZ6ER2
BET26C
FROCNT
STI4R3
HSTI6A
FROCNT
STADDR
STOQ
#ZDH
AZVEYS
HSTZOR
STADDK

$LETS TWU-BYTE RASTER FARAM A"
sENTERS AZ FART OF FIRST POINT

{ SAVE TWO-BYTE ANSWER
$GET ASCII "MINUS" AND “PLUS" VALS FOR SIGNS
{ENTER AZ,EL SIGN VALS

;§ SAVES RETURN ADDRESS
;CLEARS PROGRAM STATE COUNTER

$SETS PROG FLAG,GO TO CNTRL LOOP,ANTICIFATE RETURN

$ENTER #2Z POINT IN RASTER
$GET CURR EL SIGN VAL

115 FOSOTIONER AROVE AZ AXIS
tBR [F HAS RASTER IS NOT DONE
$GET CURR EL POSITION

$X REG POINTS TO DESTINATION

3 (CURR EL POS)-(DESTY

sCk FROXIMITY IF FOSITIONER TO TERMINATION FOINT
s ABSOLUTE MAG » 1.XX DEG

sFOSITIONER WITHIN TERMINATIN RANGE. STOP

;:Ck IF PAST POINT

{RASTER STILL WORKING DO NOT STOF

;DEST REACHED, STOF RASTER

1RASTER NOT FINISHED, GOTO NEXT FOINT
1 SAVE RETURN ADDRESS

1 INC PROGRAM COUNTER

160 TO CONTROL LOOF, ANTICIPATE RETURN
:GET, CURR EL SIGN : )
1HAS POS CROSSED AZ AXIST i
$+GG IF STILL AEQOVE AXIS ;
:CROSSED AXIS MUST COMPENSATE :
s (CURK EL) + (INCREMENTAL ANGLE)

1SAVES LS INFO IN ACCE

i
1BR TO ENTER EL CO-ORDINATE !
$CALC FOINT #3 g
$GET CURR EL FQOS ;
sGET ENTERED INC ANGLE |

v

{ENTER IS THIRD FOINT :

1HAS FOSITIONER CROSSED AZ AXIST . . f
sBR IF NOT CROSSED AXIS

s ONCE CHANGED 7O MINUS, WILL STAY MINUS
sCHANGES EL SIGN TO MINUS AT CROSSING
sGETS CURRENT VAL OF FROG COUNTER

;IS FERIOD OF SCAN COMPLETET

:BR IF FERIOD NOT COMFLETE .

$FERIOD OF SCAN WILL EBE COMFPLETE

sRET TO SECOND POINT

iCLEARYS FROCNT,START SCAN OVER
1SAVE RETURN ADDRESS

1GO CONTRL LOOF, ANTICIFATE RETURN
$ENTER FOINT 4

s REVERSE SIGN OF AZ FOSITION
$RETURN FOR FOINT 3 INSTRUCTIONS

1 SAVE RETURN ADDRESS
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NG
JMP
ST26D CLR
JMP

RO 3 IINC FRUURAM LRUNITER

STO .

FFLAG ;CLEAR PROGRAM FLAG

ST7 sDISFLAY"FOSITIDONER HALTED"

$GO0 TO CONTRAL LCOF AND DO NOT COME RACK

JEND STATE 26

R R R R R R R R R R R FE N R R R RN RN RN

BEGIN STATE 27

$ST27-FATTERN #2

3727 LDX
87X
LDX
STx
LDX
STX
LDX
STX
DX
STX
CLR
DEC
JMP
STZ7A LOA
STA
LLea
Cme
BED
LDA
LDA
LDX
JSR
Wiy
EBHI
BRA
WEIRDL T3T
Bl
DONEL L.DX
BRA
ST27A1 DX
ST27A2 87X
InNc
JME
STZ7R LDA
CMP
pER
LDA
ADD
DAA
TAB
LDA
ADC
DAA
BRA
37278B0O Lba
LLDA
LDX
JSR
ST27801
|TA
TGY
BLo

0wmms

m D

D >bp wwmw

o D

&

RO
MFLAG s THIS CODE SAME AS ABOVE
FROGA
AZKEY
FROGC
ELKEY
#2D2BH
AZLEYS
H3T274
STADDR
EROCNT
PFLAG
STo
BOIDH
ELKEYS
AISIGN
420+
ST27A1
AZBCD
AZBCD+L
#ERQGC
BCDSUR
#1
WEIRDL
DONE L
CRRRY
8T27A1
#5Y27D
§T27A2
#5TZ27a
STADDR
FRAOCNT
ST
AZSIGN
#2DH
STZ7R0O
AZEEY+]
FROGE+1

AZKEY
FROGB

ST27P01
AZKEY
AZKEY+1
BFROGE ;GET ENTERED INC COUNTER
BCDSUE
STA A AZrEY TENTER IN THIRD FOINT
AIKEY+L
ZAKRY
STOTH

Cc-20
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ST27B1

STR7B2

ST27B3

sT27C

ST27D

LDA
STA
LDA
cMP
BEQ
LDX
INC
BRA
CLR

o'WW

#2BH
AZKEYS
PROCNT
#3
STZ7B2
#ST27C
FROCNT
ST27BZ
FROCNT
#ST27A
STADDR
STO
#2BH
ELKEYS
#ST278
STADDR
FROCNT
ST
FFLAG
ST7

:END STATE 27




335338333333 333333333333333335333533 8933303333533 3 0535735985 38555535883583533
83 i
84 BEGIN STATE 29 ]
HE 53
R R R R R R R RN R R R R R R R R R F E R R R R R R R R R R R R R R R R R R R R R R R R R R R R A R R R R R RN
t]
$1ST29-GENERATES ONE CIRCLE W/RADIUS “A® (MAD 1.2
1]
) ORG ZCO0H A
ST29 LDX #0
STX FROANG s INIT ANGLE COUNTER ) ‘
STX MFLAG {CLEAR PROGFLAG AND MOTFLAG
LDA A FRUGA 1GET ENTERED ANGLE “A"
Lba B FROGA+1
JSR DIVID10O ;DIVIDE ANGLE BY 100 (XX.XX=>00XX.)
J3R BCDBIN s CONVERT BCD TO BIN ‘
STA A RADIUS $SAVE TWO BYTE RESULT
STA E RADIUS+1
DEC PFLAG
ST29A LDX FROANG sGET UPDATED ANGLE COUNTER
cPx #3l61 s COMPARE FROANG TO 361 DEGREES
RED ST29R tER IF FATTERN FINISHED
LDX #FROANG $SET X POINTER TO ANGLE FOINTER
JSK TRGVALUE 1GET SIN,COS i
LD« HSTZ9A
ST« STADDR . 4
DX FROANG :BEGIN UPDATING PROANG
INX : INC PRDANG BY 1 DEG
STx FROANG
IME STO
ST298 CLR FFLAG
JMF sT7
& ‘« 1END STATE 29

BEGIN STATE 30

e we v wa aw
we 4y ar we es

a
e
-
o
o
-
P
o
-
-
we
e
.
e
e
as
-n
-
a
.
.
e
.
a
e
a8
an
e
-
P
o
an
we
-
we
Y
o
ae
.o
.
a
as
-
-
-
av
..
.
we
»n
..
as
.e
-
-
we

s STIO-SET NEGATIVE ELEVATION LIMIT

3 , ST30 LDX #MSG16 ‘
JSR ASCDIS  :DISPLAY “NEG EL LIMIT"
LDX 4DISEL+6

: 5TX SAVEX $SAVE DISFLAY TRACKING POINTER
LDA A NELLIM  ;GET CURRENT NEGATIVE ELEVATION LIMIT
LDA B MNELL IM+1
JBR BCDDIS tDISPLAY CURRENT NEG EL LIM
B
s

R
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JSR MOVED | sFIX LAST ENTRY IN DECIMAL FT

LDX #ST30B

STX STADDR s STORE RETURN ADDRESS
STZ0A LDA FFLAG

BFL STZ0A

CLR KFLAG

LDA KEYENT

LDX #SFIO

JSR ADDCAL

LOX O, X

JIMP 0, X
ST30B LDX ENTRYA .

STX NELLIM .

BRA STI0A

sEND STATE 20
AR AN R R R R R R R R R R N R R R R E R R
i3 . 53
HY] BESGIN STATE 31
53 i
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
»

1ST31-SET FPOS EL LIMITS (MOD 1.1)

ST31 DX
JSR
LDX
STx
LDA
LDA
JSR
JSR
LDX
STX
ST314 LDA
BPL
CLR
LDA
Lox
JSR
LDX
JME
ST31B LDx
STX
BRA

#MSG17
ASCDIS
BDISEL+6
SAVEX
FELLIM
FELLIM+L
BCDDIS
MOVED
#ST3TR
STADDR
MELAG
ST31A
KFLAG
EEVENT
#SFZL
ADDCAL
iy X
04X
ENTRYA
PELLIM
STZ1A

$END STATE 31

$DISFLAY “POS EL LIMIT"

sGET FPOS EL LIMIT

$ST3Z-SET NEG AZIMUTH LIMIT

STZ2 LDx
JSR
LDX
STX
LDA
LDA
JSR
JSR
LDhX
5TX
STZ2A L.DA
JUNW
CLR

#MSG18
ASCDIS
#DISEL+6
SAVEX
NAZLIM
NAZL IM+1
ECDDIS
MOVED
HSTIZR
STADLR
FFLAG

BT 52h0
(NNl

sDISPLAY “NEG AZ LIMIT “

tGET FOS AZ LIMIT
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DiA SAVEX
LDA A AZISFEED $GET LAST USER SELECTED GIMBAL SFEED
STA A 0, X
LDX #ST3EB
. 8TX STADDR $SAVES RETURN ADDRESS
SY38A LDA A KFLAG
. BPL ST38A . . . . v
CLR KFLAG '
. LDA A KEYENT
LDX #SP3I8 .
JSR ADDCAL
LDx 0. X . 4
' JMe 0. X
STI8B LDA B SFEED sGET USER SET GIM SPEED (ASCII)
STh B AZSFEED $SAVE AZ GIM SPEED
Lba B GIMSFEED $GT HEX FORM OF GIM SFEED
STA B AZSFD s SAVE HEX FORM OF GIMBAL SPEED : Y
BRA SYZ8A 160 BACK TD WAIT FOR ANOTHER KEYENTRY
$END STATE 3
R R R R R N R R RN R R R R R R R R R R R R R R R R R R R R R R R R R R R R B
HH] BEGIN STATE 39 HH
R R R R R A R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

! ) s ST39-SET EL GIMBAL SFEED (MOD 1.3)

’
ST39 LDX #MSGE22
JSR ASCDIS sDISFLAY “EL GIMBAL SPEED"
LDX #DISEL+8
STX SAVEX
LDA A ELSFEED  ;GET LAST USER SELECTED GIMBAL SFEED
STA A 0. X
LDX 4STI9R -
STX STADDR
o ST3I9A LDA @& KFLAG
1 BFL STI94
; CLR LFLAG
LDA A YEYENT
LDX #SP39
JSK ADDCAL
LDX 0, X
JIMP 0, %
ST39B LDA B SPEED $GET USER SEL GIM SPD (ASCII)
STA B ELSFEED 3;SAVE EL GIM SPEED
LDA B GIMSPEED 3;GET HEX FORM OF GIM SPD
STA B ELSFD :SAVE HEX FORM OF GIM SFD
3 BRA 3T39A

sEND STATE 79

AR R R R R RERREEREEEEERE

ST40 LSR A tCONVERT KEYCODE TO 0-9 ;
TAB o
ADD B #SOH -

LDx SAVEX

STA B 0, ‘ :
STA B SPEED . . T
LDX #SFDTB . ) hd
JSR ADDCAL . : . i
L.DA B 0. s
STA B GIMSPEED _
LDX STADDK ]
JHF 04X .
$END STATE 40
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N N I E EE E N T SR N NN T NN Y
i FPTBCD- SUBROUTINE . 33
} CONVERSION OF 32 BIT FLOATING POINT NUMBER INTO A 32 31
; BIT PACKED BCD. ROUTINE ASSUMES 32 FLT PT NUM=“FPT32"  ;j
' ENTRY; X-REG POINTS TO LOCATION OF RESULT i
3 EXIT : BCD RESULT SPECIFIED BY X REG, REG A,B DESTROYED ;3
H 33

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R RER R R R T

PTBCD  STX SAVEX1 $SAVES RESULT POINTER . . . ‘
CLR INTREG s INITIALIZES INTEGER REGISTERS o ]
CLR INTREG+1
- CLR 0, X : INIT BCD SIGN VAL )
f . LDx #FPT32 $SET POINTER TO 32 BIT NuM
- : LDA A 0, X $GET EXP' PART OF 32 BIT NUM
BEQ FPT7 $DONT SHIFT IF EXP=0
‘ BPL FFTL . $BR IF 32 BIT NUM >0 ‘
LDX . SAVEX1 $IT IS NEG, FIX BCD SIGN BYTE TO BE NEG .
DEC 0, X $SIGN BYTE NEBATIVE
LDX #FPT32 $RESET DATA POINTER . !
FPT1 ASL A sCONVERTS 7 BIT 25 COMP TO 8 BIT COMP |
ASR A .
BPL FPT4 $BR TO POS SHIFT ROUT IF 32 BIT # POS !
L.DA B w17 . 3INIT BIT COUNTER (MOD 1.4)
FPT2 LSR 1,X% sMOVES BINARY PDINT OVER TO LEFT
ROR 2, X 3 (MOD 1.4)
ROR e X s (MDD 1.4)
DEC B 31DEC BIT COUNTER .
BNE FPT3 iBR IF UNDERFLOW DOES NOT OCCUR
. BRA FPT7 :BR TO END OF ROUTINE
FPT3 INC A sADJUSTS THE EXP i
BNE FPT2 :BR THRU LOOP UNLESS BIN FOINT ADJUSTED !
BRA FPT7 3BR TO CONVERSION PART OF ROUTINE 1
FPT4 LbA B 17 3 INLT BIT COUNTER (MOD 1.4
FPTS ASL 3. X $BEGIN POS SHIFT ROUTINE
ROL 2, X sROTATE THIRD BYTE OF 32 BIT NUM
. . ROL 1,X 1ROTATE SECND BYTE OF 32 BIT NUM
. ROL INTREG+1 ;ROTATES 32 BIT NUM INTO INTEGER REG
1 ROL INTREG
’ DEC B $DEC BIT COUNTER
BNE FPT& §BR IF OQVERFLOW HAS NOT OCCURED
SEV $SETS OVERFLOW BIT TO DENOTE AN ERROR :
BRA FPTE tBR TO END OF ROUTINE )
FPT6 DEC A 1 ADJUST EXP
BNE FPTS 1BR THRU LOOP UNLESS BIN PT ADJSTED
. FPT? LDA A 1,X% $BET BIN FRACTION IN ACCA
3 ' LDA B 24X t(MOD 1.4)
: PSH A § SAVE A )
; PSH B $1SAVE B (MOD 1.4)
LDX SAVEX1 $5ETS DATA POINTER
INX
Lba A INTREG tRETRIEVES THE BIN INTEGER
LA B INTREG+1
BSK HINBCDED §CONVERT INTEGER PART
LDX SAVEX { 1SETS DATA POINTER
INX .
INX
INX
PUL B 1 (MOD 1.4)
PUL A .
BSR BINFPT ; CONVERT FRACTIONAL PART
FPTO RTS $ RETURN
R R R R R R R R R R R R R R R R R R R R R R R R A R R R R R R A R R R A AR R RN R R R R AR R RO E
t1  “BINBCDED"-SUBROUTINE 13
11 BINARY TO FACKED BCD CONVERSION ROUTINE it )
53 LOAD ACCA,ACCB WITH A 16 BIT BIN NuM i =
T LOAD INDEX REG WITH ADDRESS OF MS BYTE OF WHERE PUT PACKED BCD ANS 3
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i ’ .

i3 RETURNS WITH PACKED INFO IN SPEC LOCATION AND IN ACCA, ACCE Y
i THE LEAST 4 MS DECIMAL VALS WILL BE CONTAINED IN THE PACKED BCD ANS;;
DRI L R R RS SR T T R A R R R R R R R AR R R R TSR R AT
3
BINBCDED STX SAVEX $1SAVE DATA POINTER
LDX #K10K 3 INITS X-REG FOR 1ST BCD CONV CONST
CLR ENTRY1
CLR ENTRY2
ZIVDEC1 CLR SAVEA $CLEAR BCD CONVERSION COUNTER
; "ZVDEC2 SuB B 1,X
f SBC A 0, X , i
BCS ZVDECS 1BR IF SUB PRODUCES OVERFLOW .
: INC SAVEA $DEC CHAR BEING BUILT, INC SAVEA
; BRA ZVDEC2
: . ZVDECS ADD B 1, A
i ADC A 0, X% sRESTORES PARTIAL RESULT UFON OVERFLOW
' PSH A . $SAVE ACCA .
LDA A SAVEA _ $GETS BCD CONVERSION COUNTER :
BSR PACKED ;PACKS NEWLY FORMED BCD CHARACTER :
PUL A $RESTORES ACCA TO FORMER VALUE
INX
INX )
CPX #X10K+10 ;TESTS TO SEE IF LAST CONSTANT HAS BEEN USED
BNE ZVDEC1 .
LDA A ENTRY1 ;LAST CHARACTER HAS BEEN REACHED
LDA B ENTRY2
LDX SAVEX
STA A 0,X
STA B 1,X $SAVES 16
RTS
F ;END BINBCDED SUBROUTINE , :
R R N I R I R R R R R R R R R R R R R R R R R R R N A RN AR N A AR Y
;3  "PACKED" SUBROUTINE 33
' PACKS BINARY NUMBER INTO BCD FORM ) ™
i3 ACCA SHOULD CONTAIN THE UNPACKED BCD FORM T
o i3 ROUTINE DESTROYS CONTENTS OF ACCA 1
I I TR R R T N I I I I L Y 1
3
3 .
PACKED  ASL ENTRYZ $ONE BIT LEFT SHIFT WITH ZERC FIL
ROL ENTRY1 )
ASL ENTRYZ
_ROL ENTRY1
ASL ENTRY2
ROL ENTRY
ASL ENTRYZ ,
ROL ENTRY JSHIFTS 16 BIT BINARY INFO OVER ONE CHAR
_ADD A ENTRY?2 . _
. 8TA A ENTRYZ °~ ;ENTRYZ FORM="XO0",PACKS ANOTHER UNPACKED FORM
RTS yRETURN FORM SUBROUT INE

$END PACKED

333333833835 88 8333833333333 030 R RIRSIRRNBRNSINISSISIIBSNRIRINNNNNRLIGE
33 “BINFPT" SUBROUTINE : wo

33 CONVERSION OF FRACTIONAL PART OF BINARY NUM TO PACKED BCD i3

1] LOAD FRACTIONAL PART IN ACCA BEFORE EXECUTING T .

T ACCB IS USED IN CALCULATION 3

T ROUTINE EXITS WITH BCD ANSWER (4 DEC PLACES) IN ACCA,ACCB it

IR R R R R R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R EFREER RN

3 . . :

BINFPT  STX SAVEX 1 SAVES DATA POINTER ) * .
STA A SAVEA $ SAVE FRACT PART . K
STA B SAVEB §(MOD 1.4) . o .
LDA B 916 3(MOD 1.4) - :
STA B SAVEC }SAVE BIT COUNTER (MOD 1.8 .
DX #CONST $SET POINTER IN ACCX AT FIRST BYTE OF CONSTANTS LIS
CLR A
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CLR B

| BINI STA A TEMPA $SAVE ACCA TEMPORARILY
{ ) ASL SAVEB ;LOOK AT NEXT BIT
. ROL SAVEA . .
. BCC BINZ $BR PAST LQOP IF C=0
TBA ;0UT ACCB INTO ACCA
. ADD A 1, % ;C=1,ADD IN CONSTANT
DAA
TAB
LDA A TEMPA JRETRIEVE ACCA FROM TEMP STORAGE
ADC A 0, X . . .
DAA . :
BIN2 1NX $INC ACCX TO NEXT CONSTANT
INX
DEC SAVEC $DEC BIT COUNTER
BNE BINL 3BR THRU LOOP UNTIL 8 BITS ARE SHIFTED
LDX SAVEX sRETREIVE DATA PDINTER
_STA A 0, X $SAVE 16 BIT PACKED BCD CHARACTE
STA B 14X
| RTS 1RET FROM SUBRODUTINE .
% R I R R R R R R R R R R R R R R R R R N NN N R R R R R AR R R T
i3 "DIVID100" SUBROUTINE T
i DIVIDES BCD VAL BY 100 T
is ENTRY: ACCA,ACCB CONTAIN 1& BIT BCD NUMBER 3
i3 EXIT : ACCA,ACCB CONTAIN 16 BIT BCD RESULT i
: (AR R R R R R R R R R R A R R R R R R R R R R R R E RN R R R R N RN R N
N H
DIVID1OO TAB ; THROWS AWAY THE FRACTIONAL PART
) CLR A 3 ACCA, ACCB="00XX"
RTS sRETURN FROM SUBROUTINE

$END DIVID10O

IR R R R R R R R R R R R R R A R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R
33 "CHSIGN" SUBROUTINE 33
HH CHANGES THE SIGN OF A TWO BYTE COORD FROM GNE STATE 33
] TO THE OTHER HH 1
1 R ENTRY: ACCB CONTAINS SIGN INFO X REG POINTS TO LOCATION OF i3
1 e i3 SIGN INFO . 1
i3 EXIT : ORIGINAL SIGN INFO AUTOMATICALLY CHANGED,ACCE DESTROYED ;3 {
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R A R A R R R R R R R R R R R R R R R R AR RN R R R ]
1 CHSIGN cMP B #2BH sFIND QUT SIGN |
- BEQ CHSIGNL sBR IF PLUS .
LDA B #2BH sSIGN IS MINUS .
BRA CHSIGN2 .
CHSIGNL LDA B #2DH sCH PLUS TO MINUS
CHSIGNZ STA B D.X sUPDATE SIGN VAL
RTS s RETURN

$END CHSIGN

SIS ESARS 3T EIRS I T BB RIS IBTIIEREIIIS03333333033

13 “CONSIGN" SUBROUTINE ) i3

it GETS SIGN OF 32 BIT FP # AND FINDS ASCII EQUIV . i3

33 ENTRY: ACCEB CONTAINS SIGN PORTION OF FP # . uw i
53 X REG CONTAINS LOCATION OF RESULTING SIGN . $s :
it EXIT : APPROPRIATE SIGN IS LOCATED, ACCB DESTROVED .

H
IR R R R RN R R R R R N R R R R R R R R R R R R R R R R R R R R R R RN R R R RRRRRRRRRRRRAE S

}
CONSIGN BM! CONSIGNL 3BR IF NEG
LDA B <BH iSIGN IS PLUS ASCII = 2BM
BRA CONSIGN2Q
CONSIGNL LDA B 2DH 3SIGN IS MINUS ASCII IS 2DH
CONSIGN2 STA P 0, X s UPDATE SIGN VAL
RTS $ RETURN

$END CONSIGN

R R R A R R R R R R R R R R R R R R A R R R R R A R N A R N R A NS R AR AR R AR AR R R N -
$14  "TRGVALUE" SUBROUTINE - SIN,CO8 OF BINARY ANGLE it 2
33

ENTRY: ALCR=% BYTES, X~REG PQINTS TO ADDR OF RIN ANGLE K]




i :lll.
l!llliltill-il!l83!!38!3Iiil!!lilililillii‘l‘!li!l‘lly!lI-l%%‘l;iiiﬁlillll!

A
B
A
B
A
B
A
B

TRGVALUE LDA

BSR

BSR

LDX

LDA

BSR

BSR

BSR

BSR

. LDX

, . LDA
BSR

BSR

BSR

BSR

BSR

. LDX

. LDA

. BSR

. LDX

: . JSR
: BSR
BSR

LDX

.. LDA

" BSR

LDX

JSR

LDX

LDA

BSR

‘. . LDX
\ LDA
: . BSR

LDX

LDA

LDA

sTA

sTA

LDX

LDA

LDA

STA

s STA
RTS

o T LRGSR e

IRERERRERE
33 "PUSH"
33 ENTRY:
i3
i3 EX1T
LR}

[}
PUSH
PUSH1

PSH
INX
DEC
BNE
STX
PUL
DEX
LDA
374

PUSH2

SUBROUTINE 53
ACCB CONTAINS # BYTES TO PUSH ONTO STACK ]
ACCX CONTAINS ADDRESS OF MSBYTE OF DATA TO FPUSH ]
1 DATA WILL BE PLACED ON APU STACK SUCH THAT MSB OF 13
WILL BE TOS. HE)

L]

<« HYlE VAL AZKEY AND BLKEY ARE REPLACED,

#2H

PUSH

FLTS
#RADIANS
#aH

PUSH
FMUL

PTOF

cos
#RADIUS
2H

PUSH
FLTS
PTOF

POPF

FMUL
#FPT32
#4H .
PULL
#ELRESULT
FPTBCD
SIN

FMUL
#FPT32
#4H

PULL
#AZRESULT
FPTBCD
#ELKEYS
ELRESULT
CONSIGN
#AZKEYS
AZRESULT
CONSIGN
WELRESULT
2, %

3, X

ELKEY
ELKEY+1
HAZRESULT
2,X

3,x

AZKEY
AZKEV+1

$END TRGVALUE

333333333333 RIISNRREasNNNINNNIINIINRLISLIGS
- MOVES B BYTES OF DATA ONTQ APU STACK H

PUSH1
TEMPX

0, X
APUDATA

3 TAKE COS OF ANGLE

$RADIUSKSIN(ANG) =AZ

X-REG DESTROYED ,
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R R R AR R

ACCB DESTROYED ;;

jJACCB=#BYTE TO BE PUT AT TOS

$PUSH ANGLE ONTOD APU STACK

$CONVERT ANG TO 32 BIT FLT PT FORM

; X-REG POINTS TO PI/180 CONST *

;BIN ANG % PI/180 = ANGLE IN RADIANS RESULT TOS . .
;DUP BIN ANGLE AT NOS J

s X-REG POINT TO RADIUS 16 BIT FIXED POINT

§ CONVERT RADIUS TO 32 BIT FL PT #
sPUSH 32 BIT TOS TO NOS . ”
132 BIT APU STACK POP |
s RADIUSKCOS (ANG) = ELEVATION

$PULL ELEVATION FROM APU STACK
3X POINTS TD LOCATION OF RESULT
;CONVERT 32 BIT FP TO 4 BYTE BGD RESULT

3 X~REG POINTS TO RESULT
s CONVERT 32 BIT FP TO 4 BYTE BCD RESULT

$GET 1ST BYTE OF RESULTY
s CONVERTS FP SIGN TO ASCII VAL

;s GET MSBYTE OF MAG VAL OF FPT
36ET LSBYTE OF MAG VAL OF FPT
s UFDATE EL COORD

$GET MAG VAL OF FPT

3§ RETURN

ACCB DESROYED
1SAVES THE NUMBER OF BYTES
31BR THRU TILL LAST BYTE REACHED

$RETRIEVES # BYTES TO BE PUSHED :
s ACCESS NEXT ADD TO PUT ONTO APU STACK

.
$ENTER CURR BYTE OF DATA ONTO APU STACK 1




. DEL b
: ' " BNE PUSH2
’ LDX TEMPX
RTS
§ END PUSH

BRI RN BEIBS IR AR RN i AR RIS NRIIiisbIRTRIRs53858383s
i1 “FLTS" SUBROUTINE . .

53 CONVERT 16 BIT FIX PT TO 32 BIT FP

33 ENTRY: 16 FIXED # ON TOS

33 EXIT : WHEN APU FINISHED

I R R R R R A A R A R R R R R R R R R R R R R R R R R R R R R R R R R R R R R A R A R R R A R R R R R R A R R R R R A R R R E R R ]

A B #1DH ;L0
A TSTEND s WA
R L I S R R R I R LAY
; “PTOF" SUBROUTINE

; DUF TOS AT NOS

3 ENTRY: 32 BIT FP # AT TOS
3

T TILL APU FINE

ADS IN FLOAT OPCODE
I
PRI ATISIIIIITSISIRRIRNNTIININEIRISNSS

EXIT : WHEN APU FINISHED . R .
I R R R R R N R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R SR R R R R R R AR R R/

D e we wa we we we we

TOF LDA B #17H
BRA TSTEND

COS SUBROQUTINE .
32 BIT FLOATING COSINE B
ENTRY: 32 BIT FP AT TOS
EXIT : WHEN APU DONE

() as en ae s e ee

05 LDA B #3H JLOAD IN COS COMMAND
BRA TSTEND

"POPF" SUBROUTINE - POP NOS INTO TOS
ENTRY: 32 BIT FP # AT TOS
EXIT : WHEN AFU DONE

Pur we we we v

OPF LDA B #18H
BRA TSTEND

"FMUL" SUBROUTINE - 32 BIT FLOATING POINT MULTIPLIER
ENTRY: 2 #"S ON TOS AND NOS
EXIT : WHEN AFU DONE

Ty we e ve e we

MUL "LDA B #12H
BRA TSTEND

“PULL“ SUB - REMOVES B BYTES OF DATA FROM THE STACK
ENTRY: ACCB = # BYTES TO BE PULLED

ACCX = ADDRESS TO WHERE TOS TGO BE PLACED
EXIT 1 WHEN DONE - :

e wo v we we =

uLL LDA A APUDATA
STA A 0, X
INX
DEC B .
 BNE PULL
RT3

4

3 "SIN" SUBP - 32 BIT FP SIN .

H ENTRY: 32 BIT FP AT TOS

H EXIT : WHEN DONE 1
H ;
S

IN LDA B #2H
BRA TSTEND

¥
3 "XCHF“ SuB - EXCH 32 BIT OPERANDS TOS AND NOS




R,

3 eNInY: builH #'D MUST BE UN APU STACK BEFOR XEW
3 EXIT 3 WHEN DONE . o
3 ) -
XCHF LDA P #19H
BRA TSTEND

“FADD" SUB - 32 BIT FLOATING POINT ADDITION
ENTRY: BOTH #“S ON STACK

ADD LDA B #10H
BRA TSTEND
3 : : .
;3 “FSUB" SUBROUTINE -~ 32 BIT FP SUBRACT
3 ENTRY: BOTH #“S ON TOS AND NOS )
3 EXIT s RESULT ON TOS
FSuB LbA B #11H
BRA TSTEND

“FDIV" SUB- DIVIDE 2 32 BIT FP #"S
NOS/TOS
ENTRY: 2 32-BIT #"S ON NOS AND TOS

Twe e ws e

DIV

. wa as we ws

LDAR B
BRA

#13H
TSTEND

"TSTEND" SUBROUTINE - LOOPS UNTIL ENDFLAG FROM APU LOW (PA7 OF PIA2)

; ISSUES COMM TO APU
$CK ENDFLAG

1LOOF TILL LOW
sCLEAR FLAG

SUBRQUTINE - RETURNS THE KEYBOARD TQO AN INITITIALIZED STATE

SO THAT ANY KEY FRESSED WILL GENERATE AN INTERRUPT

$RESTORE THE ROWS OF KBD FOR NXT KEY PUSHED
sCLEAR IRQ BITS IN CRA

sDIS CONTROL LOOP

*MOVED" SUBROUTINE ~- INSERTS A DECIMAL POINT IN FRONT OF LAST

BCD CHARACTER (USED IN ST30-33)

sLOOKS AT PROGRAM FLAG

sBR TO CNTRL LOOP IF NOT IN PROGRAMMED SEQ

$ YES, A PROGRAMMED SEQ CURRENTLY IN OFERATION
3sJMPS BACK TO THE PROGRAMMED CONTROL LODOP

ENTRY: ISSUE COMMAND TO APU
EXIT ¢ WHEN AFU DONE
’
TSTEND STA B APUSTAT
TSTEND1 LDA A DDRA3
BPL TSTEND1
LDA A APUSTAT
RTS
’
: “RESTO"
;
3
RESTO LDA A HOFH
STA A DDRA
LDA A DDRA
LDA A WOFFH
STA A MFLAG
RTS
3
3
:
3 _
MOVED LDA A DISEL+8
LDA B #ZEH
STA B DISEL+8
sTa A DISEL+9
_RTS
3 .
§ "CPFLAG" SUBROUTINE - (MOD 1.1)
H
CPFLAG LDA A 3FLAGA
CMP A HOFFH
" BNE Cri1
TST FFLAG
BED cP1
LDX STADDR
JIMF 0, X
cP1 JMP STO

“TSTANG" SUBROUT

INE

§FROGRAM FLAG CLEARED,S30TO CNTRL LP

c-32




b A

] COMPARES THE TWQ ACCX"S WITH THE CONTENTS OF THE
[} INDEX REGISTER., RETURNS FROM SUB IF CONTENTS OF
3 INDEX REGISTER ARE > THE CONTENTS OF THE ACCX"S
H BRANCHES TO ERROR 6 IF NOT
3
TSTANG LDX BLIMIT
JSR BCDSUB
TST CARRY
BMI NOFE . 4
JMP STé $BR IF ENTERED ANGLE EXCEEDS LIMIT QF +/- 40.0
NOFE RTS .

’
s “BCDBIN" SUBROUTINE ) .

H CONVERTS FOUR BINARY CODED DECIMAL DIGIT

; TO A BINARY EQUIVALENT. THE BCD DIGITS ARE PACKED
3 TWO PER BYTE. THE BINARY RESULT OCCUPIES TWO BYTES
H THE BCD DIGITS ARE LOADED INTO THE ACCA. AND ACCB

3 (MSD-ACCA) AND THE BCDBEIN SUBROUTINE IS CALLED.

3 THE ROUTINE EXITS WITH THE BINARY RESULT IN ACCA

] AND ACCB (MOD 1.1)

3
B

CDBIN STA A SAVE3 JSAVE 2 BCD VALS
[ CLR BINUPR
, TBA
; : AND B " $OFH §SAVE ONLY LS BCD VAL
LSR A
) . LSR A
LSR A
LSR A :
TENLP  BEO DOHUND 3GO DOHUND WHEN TEN 1S ZERO
. ADD B #10 ;ADD 10 TO BINARY TOTAL
DEC A , §DEC TENS DIGIT AND
BRA TENLP $REPEAT UNTIL ©
DOHUND  CLC . ,
LDA A SAVEL . $BET HUN IN THOU DIGIT
. aND A #OFH $SAVE ONLY HUN DIGIT
3 HUNLP  BEQ DOTHOU ;DO THOU IF HUN IS O
ADD B #100 $ADD 100 TO BINARY VAL
BCC HUNOO
A INC BINUPR }ADD 256 TO BINARY UFPER VAL .
HUNOD  DEC A ;DEC HUN DIGIT ONE
BRA HUNLP $REPEAT TIL O
DOTHOU  LDA A SAVE1 $GET THOU DIGIT
LSK A
LSK A
LSR A
LSR A .
STA A SAVEL $SAVE THOU DIGIT *.
BNE THOUGO ;BR IF THOU DIGIT = 0
LDA A BINUPR {GET BIN UPPER VAL
BRA XITBIN
THOUQO  LDA A BINUPR  3GET BIN UPPER VALUE
THOULF  CLC }RESET CARRY
ADD B #232 ;ADD 232 TO BINARY LOWER
ADC A #3H ;ADD 768 TO BINARY UPPER .
DEC SAVE1L }DEC THOU DIGIT :
BNE THOULP {REPEAT TILL THOU DIGIT = 0
X1TBIN  RTS
t "PACK" SUBROUTINE
; PACKS BINARY #"S INTD BCD FORM
3 ACCA=UNPACKED BCD FORM
; DESTROYS ACCA ;
’ =
PACK ADD A ENTRYB JENTRYB LOOKS LIKE “XO"

STA A ENTRYB  {PACKS IN ANOTHER RCD FORM
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LETS ENTRYB
ROL ENTRYA
ASL ENTRYB
ROL ENTRYA
ASL ENTRYB
ROL ENTRYA
ASL ENTRYB
ROL ENTRYA
RTS
4
1  "ALSTOP" SUBRCUTINE .
3 ROUTINE THAT STOPS BOTH MOTORS FOR EXCEEDING ANGLE LIMIT
3
ALSTOP LDA A #OFFH
STA A LSBSAZ 3} STOPS AZ MOTOR
sTA A LSBSEL 3$STOPS EL MOTOR
i RTS
"BCDSUB" SUBROUT INE

ID +» ®a e we we ws @ W s @8 W 86 we e S0 WS WS We We We s we Ve ws

SUBTRACT 2 16-BIT BCD PACKED #"S

SUBTRACTS INDEXED ADDRESS FROM ACCA,ACCH
INDEX REG CONTAINS STARTING ADDRESS
ACCA,ACCB CONTAINS # TQ BE SUBTRACTED FROM
RETURN RESULT IN ACCA, ACCPR

BEXRRKKLAKEARERKRXRRAERK KK

t ]
* t
x ]
* %
x . '
S : . %
% DIFF+1 %
% + BCD# *
X e ]
* ANSWER x
ARRETARAKARERKRARERR R RAR
BCS TSTS OV CONDITION

BCC TSTS NO OV CONDITION

CDSUB  CLR CARRY $RESET CARRY VALUE

1 CHMP A 0, X : 1S CONTENTS OF ACCA BIGGER 7

; BHI SuBT ;BR IF MINUEND :>SUBTRAHEND

\ BNE SWAp $BR IF MIN<>SUBTRAHEND
CMP B 1,% iMSBYTE OF MIN=MSEYTE OF SuUBTRAHEND
BHI suBT + MIN-SUBTRAHEND
BEQ SUBT s MIN=SUBTRANEND QK TQ SUBTRACT. AS 1S

SWAP FSH B 1SAVE MIN TEMFORARILY
PSH A
DEC CARRY 1SET CARRY BYTE TO DENOTE QV
LDA A 0,X :GET SUBTRAHEND
LDA B 1,X , .
TSX $X REG POINTS TO MINUEND
susT STA A TEMPA { SUBTRACT SMALLER FR GREATER . 1
STA B TEMPB | $SAVE GREATER OF 2 #“S i
LDA A #O9H
TAB $ ACCB=99 .
SUR A 1, sRESULT => ACCA,ACCB "9999"
SUB B 0, X $SUBTRACT SMALLER NUM FROM 9999 :
SEC .l
ADC A TEMPB §LS BYTE OF DIFF+LSBYTE OF GREATER NUM +1 -
DAA ;
PSH A $SAVE LS BYTE OF RESUL !
TuA $MOVE MSBYTE OF DIFF INTO ACCA {
ADC A TEMPA §MSBYTE OF DJFF+ MSBYTE OF > # + CARRY BIT
c-34




v i

PUL B sRETRIEVE LS BYTE OF RESULT
TST CARRY . 3 ACCA, ACCB=RESULT OF BCD SUBTRACT
BER BACK . $IF NO OV NO NEED CLEAN STACK
INS sCLEAN UP STACK
INS
BACK RTS

$ “SHAENC" SUBROUTINE .

H READS SHAFT ANGLE ENCODERS
3
S

HAENC LDA A MSBSAZ $READS AZIMUTH ANGLE
LDA B LSBSAZ
| STA A MSBENC ;STORES ANGLE IN TEMP LOC
' STA B LSBENC
: ASL B $SCALE DAC QUTPUT BY FACTOR QF 2
ROL A
STA A DDRA2 sOUTPUT MS 4 BITS OF AZ TO DAC
; STA B DDRBE2 ;3 " Ls " oo
! LDA A MSBENC $GET OLD A AND B
i . LDA B LSBENC
LDX #DIVISO .
JSR DIVIDE ~ ;DIVIDES ANGLE BY 14,912
i LDX #AZBCD
f : JSR _BINBCD
PSH A
PSH B

ADDITION OF SHAENC SUBROUTINE - CK + AND - AZ LIMITS

- ae we

STA B TEMPB 1 SAVES ACCB TEMPO
LDA B SIGN ;START LIM CK
CMP B #2BH . )
BEQ FAL '$BR IF AZ COORD +
o LDA B TEMFB ;AZ COORDS -
LDX #NAZLIM
JSk BCDSUB $ ACCX-NAZLIM
LDA A CARRY
BNE SHAZ §BR IF ACCX>NAZLIM
PALL LDA B #OFFH ;POSTITIONER EXCEEDED LIMIT
STA B LFLAGA 1SET AZ LIMIT FLAG
LDX #MSG1S ’
JSR ASCDIS :DISPLAY "ANGLE LIMIT EXCEEDED"
JSR ALSTOR ;BR TO STOP BOTH MOTORS
JMP MSGB sWAIT 1 SEC AND GO CNTRL LP
PAL LDA B TEMFB sCK FOR + AZ LIMIT
LDX #PAZLIM  ;GET + AZ LIMIT
JSR BCDSUR $ ACCX-PAZLIM
LDA A CARRY
BED PALL
SHA2 LDA A SIGN
© 8TA A AZSIGN
LDA A NOS1H
STA A LETA i
LDA A #OSAH . i
STA A LETB
. FUL B
PUL A
LDX #ANGLE
JSR BCDDIS $ UPACK BCD ANGLE
. LDX #DI1SAZ
JSR asc? s DISPLAYS PACKED BCD ON PANEL .
. LDA A MSBSEL $READS EL ANGLE L
LDA B LSESEL - N
. S1A A MSRENC ; STORE ANGLE TEMPORORILY 2
STA B LSBENC
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ASL B

ROL A _ .
STA A DDRAS $QUTPUT MS 4 BITS OF EL TO DAC
8TA B DDRB3 {OUTPUT LS 4 BITS OF EL TO DAC
LDA A MSBENC $GET OLD A AND B

LDA B LSBENC

LDX #DIVISO ,

JSR DIVIDE 4DIVIDE ANGLE BY 14,912

LDX #ELBCD _

JSR BINBCD JRET PACKED BCD #

FSH A

PSH B ) o

STA B TEMPB s HANDLES CHANGE IN COORD SYSTEM
LDA B SIGN
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